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Chapter 1 
General introduction: 
Cognitive load and knowledge sharing 
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This thesis explores how to design a peer support system to facilitate self-organized 
knowledge sharing in non-formal learning environments, in particular when learners 
work on complex tasks. The peer support system aims to replace two teacher-led di-
dactic arrangements: selecting a tutor at the initial stage, and guidance during the in-
teraction process (Dillenbourg, 1999; Topping, 1996). Such a system has previously been 
developed by Van Rosmalen (2008) and De Bakker (2010) and has been tentatively used 
to facilitate knowledge sharing on content-related questions. In this thesis, we would like 
to find out how to further improve the design of this peer support system, especially to 
facilitate knowledge sharing on complex tasks. Since little pedagogical theory is availa-
ble to inform the design of our peer support system, this thesis attempts to apply cogni-
tive load theory (Sweller, Van Merriënboer, & Paas, 1998; Van Merriënboer & Sweller, 
2005) that informs instructional designs in classroom settings to the design of our peer 
support system in Learning Networks. 
 This chapter first explores why it is necessary to support self-organized knowledge 
from a cognitive-load perspective. Then we discuss the potential of using the existing 
peer support system to optimize cognitive load imposed by a knowledge sharing process. 
Finally, we briefly describe each chapter of this thesis and its respective research ques-
tion. 
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ABSTRACT 
Learning Networks are online social networks designed to support non-formal learning; 
they are therefore particularly suitable for self-directed learners. In Learning Networks, 
learners need to construct knowledge through knowledge sharing with other partici-
pants. However, without support, learners have to organize knowledge sharing them-
selves and this could induce extraneous cognitive load. When working on complex 
learning tasks, this organizing process could have a detrimental effect on knowledge 
construction. To optimize cognitive load, we propose to use a peer support system that 
applies the mechanisms of peer tutoring to support knowledge sharing. Its mechanisms 
reduce, we argue, the extraneous load imposed by having to organize knowledge shar-
ing as well as induce germane load by directing the freed-up cognitive capacity to pro-
cesses that contribute to knowledge construction. 
INTRODUCTION 
By the nature of their learning needs, lifelong learners mainly direct their own learning 
(Kester & Sloep, 2009; Koper & Tattersall, 2004; Sloep et al., 2007). To satisfy their 
needs, one had better move away from formal education and adopt non-formal learn-
ing. In principle, though not necessarily in practice, such settings are better equipped to 
accommodate the personalized learning goals of self-directed learners (Sloep, 2009). 
Non-formal learning is here defined as intentional learning based on personalized learn-
ing goals, exempt from externally imposed evaluation criteria and institutional supervi-
sion (Livingstone, 1999; Van Merriënboer, Kirschner, Paas, Sloep, & Caniëls, 2009). 
A Learning Network (LN) is defined as an “online, social network that is designed to 
support non-formal learning in a particular domain” (Kester, Sloep, Brouns, et al., 2006; 
Sloep, 2009, p.64; Sloep et al., 2007). Learners have to take responsibilities to organize 
their own learning activities and to acquire knowledge from others to achieve their 
learning goals (Kester et al., 2007). 
By their nature, the learning needs of non-formal learners are usually more diverse 
and individualized than those of formal learners. In practice, it is impossible to rely on 
predefined instruction or teaching staff alone to cater for these diverse learning needs 
(Sloep et al., 2007; Westera, De Bakker, & Wagemans, 2009). To construct knowledge, 
non-formal learners in LNs need to rely on interaction with peers. 
During knowledge sharing in LNs, collaboration is a means to achieve reciprocal un-
derstanding between learners and to construct knowledge by performing activities 
through interaction with others. LNs are designed as online social networks but this 
does not mean that peers will automatically share knowledge or that social interaction, 
in this case collaboration for knowledge construction, will magically occur (Kester et al., 
2007). Knowledge sharing becomes a critical learning activity, if, while working on a 
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complex learning task, some learners may need to construct knowledge from interact-
ing with others. To aid them, it is necessary to provide a support system that not only 
allows knowledge sharing to occur but also guides collaboration that contributes to 
knowledge construction. We will argue how a technology-enhanced peer support sys-
tem (PSS) that selects suitable peers and provides a proper interaction structure based 
on particular knowledge sharing requests, can be used to instigate and maintain the 
interaction necessary for knowledge sharing in LNs. From a cognitive-load perspective 
we first describe why learning and knowledge sharing may be hampered when there is 
no knowledge sharing support as in LNs. Next, building on our earlier work on peer 
support in LNs, we elaborate how collaborative learning and benefits of peer tutoring 
(PT) as used in formal educational settings can inform us how to devise such an ‘ad hoc’ 
technology-enhanced peer support system (PSS) to facilitate knowledge sharing in LNs. 
Based on the implications of cognitive load theory (CLT), we then describe how such a 
peer support system would optimize cognitive load.  
COGNITIVE LOAD THEORY 
The main principle of CLT is that effective instruction has to be designed in accordance 
with human cognitive architecture (Paas, Renkl, & Sweller, 2003; Paas, Tuovinen, 
Tabbers, & Van Gerven, 2003; Van Gog & Paas, 2008; Van Merriënboer & Sweller, 
2005). Learning takes place via schema construction, elaboration and automation, 
stored in long-term memory. During the learning process, novel information must be 
first attended to and processed by working memory before it can be stored in long-term 
memory (Sweller et al., 1998). However, working memory is limited, particularly in pro-
cessing, and can deal with only two or three novel information elements simultaneously 
(Paas, Renkl, & Sweller, 2004). As this can hamper learning, CLT focuses on the ease 
with which information is processed in working memory. The major contribution of CLT 
is that it informs instructional design on how to promote knowledge construction by 
optimizing working memory load (Paas et al., 2004; Van Merriënboer & Sweller, 2005), 
through avoiding overload (as well as underload) as that deteriorates learning, by re-
duction of extraneous load and increase of germane load. 
Cognitive load is the load that is imposed by a particular task on the learner’s cogni-
tive system when performing that task (Paas & Van Merriënboer, 1994; Sweller et al., 
1998). CLT distinguishes intrinsic, extraneous and germane load. Intrinsic load refers to 
the intrinsic difficulty or complexity of a learning task. Extraneous load is imposed by an 
ineffective design that forces learners to carry out unnecessary cognitive processing; 
germane load is imposed by an effective design that engages learners in the task itself 
(Sweller et al., 1998; Van Gog & Paas, 2008). Intrinsic, extraneous, and germane load 
are additive (Paas, Renkl, et al., 2003; Sweller et al., 1998) and the total cognitive load 
should not exceed working memory limits if learning is to be effective. This principle has 
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guided many early researchers to design instruction that reduces extraneous load, es-
pecially when a task is high in intrinsic load (Van Gog & Paas, 2008; Van Merriënboer & 
Sweller, 2005). 
Recent CLT-related research aims not only at reducing extraneous load (that does 
not contribute to or even hinders learning) but also to increasing germane load (that 
fosters learning) (Paas, Renkl, et al., 2003; Sweller et al., 1998; Van Gog & Paas, 2008; 
Van Merriënboer & Sweller, 2005). When extraneous load is reduced, working memory 
capacity is freed up. However, merely freed-up working memory capacity does not 
guarantee better learning effects. To achieve this, an instructional design should further 
stimulate learners to invest their freed-up working memory capacity in activities that 
contribute to knowledge construction (i.e., in germane load inducing activities) (De 
Jong, 2010; Sweller et al., 1998; Van Gog & Paas, 2008).  
To assess the cognitive effect of some instructional design, it is necessary to meas-
ure cognitive load. The most commonly used measure is based on learners’ subjective 
judgement on a one-dimensional rating scale (Van Gog & Paas, 2008). Learners report 
“mental effort”, which should represent how much cognitive capacity actually has been 
allocated to accomplishing a learning task (Paas, 1992; Paas, Tuovinen, et al., 2003). 
However, this mental effort measure does not distinguish between the three types of 
cognitive load (Beckmann, 2010; De Jong, 2010). To know whether an instructional 
design is effective in reducing extraneous load or increasing germane load, the conven-
tional way is to calculate the learning efficiency. This is done by combining mental effort 
measures with performance measures (Paas & Van Merriënboer, 1993; Van Gog & Paas, 
2008). Thus, a high performance score with a low mental effort investment indicates a 
high learning efficiency, whereas a low performance score with a high mental effort 
investment indicates a low learning efficiency. If an instructional design aims to reduce 
extraneous load, the efficiency measure should take into account the perceived mental 
effort during the learning phase. If the aim is to both reduce extraneous load and in-
crease germane load, the perceived mental effort during the test phase is used as part 
of the efficiency measure (Van Gog & Paas, 2008). 
Although the main focus of CLT lies with classical instruction design, which is absent 
from LNs, we believe that CLT still provides a framework to describe and gauge the load 
imposed by knowledge sharing in LNs without adequate support. CLT informs us that 
ineffective processes towards learning need to be avoided as much as possible and that 
additional benefits can be gained from stimulating additional cognitive processes that 
enhance learning. That is, CLT can tell us how a collaborative peer support system 
should be deployed to optimize cognitive load during knowledge sharing by pointing out 
how to reduce the extraneous load as well as to increase the germane load of 
knowledge sharing. 
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COGNITIVE LOAD DURING KNOWLEDGE SHARING 
Successful online knowledge sharing depends on whether two parties (i.e., one that 
possesses knowledge and the other that needs to construct knowledge) can communi-
cate and collaborate with each other. With regards to effective online collaborative 
learning, Dillenbourg and Schneider (1995) proposed that three aspects must be con-
sidered: group composition, communication media and task features. We first describe 
why knowledge sharing remains ineffective when the first two aspects are not support-
ed in LNs. We will defer the discussion of task features to the next section.  
Ideally, learners who are interested in a particular domain can participate in LNs 
without entry requirements. Thus, participants in LNs form heterogeneous groups: they 
are likely to have different learning purposes, academic backgrounds, competence lev-
els and experiences, as well as knowledge about the learning topics. This heterogeneity 
can ensure lively knowledge sharing in a community (Kester & Sloep, 2009). However, it 
also imposes extraneous load when learners want to find a relevant collaborator. Since 
LNs lack the social structure of a class, learners in LNs do not necessarily know each 
other nor do they have a common learning history (Van Rosmalen et al., 2006). Without 
support for finding suitable knowledge sharers, learners need to allocate cognitive re-
sources to explore what other participants the LN harbours, to interact with them, and 
finally to find out who are suited to share knowledge with. Since these activities i) are 
not directly related to learning itself but to the learning environment, ii) detract from 
learning rather than facilitate it, they increase the extraneous load.  
LNs are online networks. Therefore, learners rely on online communication to inter-
act with others. Online communication, whether synchronous or asynchronous, differs 
from direct face-to-face communication in its cognitive load demands. In face-to-face 
settings, a learner can anticipate the needs of her peer, get feedback on whether her 
peer receives and understands the information, as well as check whether they both are 
in agreement through both verbal and non-verbal messages (Kiesler, Siegel, & McGuire, 
1988). In online communication, these features are missing and this makes it harder to 
find a common basis for mutual understanding (Cress & Hesse, 2006). Moreover, in 
synchronous online communication, two learners need to meet at the same time, which 
requires extra planning; in asynchronous online communication, learners have to make 
the extra effort of putting down their thoughts into written texts, et cetera. This too 
contributes to an increased extraneous load. 
To sum up, without support that deals with heterogeneous group composition and 
online communication, knowledge sharing in LNs imposes additional extraneous load. It 
does so because extra cognitive resources have to be devoted to finding a suitable col-
laborator and finding out how best to communicate with others online. As according to 
CLT the different kinds of cognitive load add up and there is an upper limit to the avail-
able cognitive load set by working memory constraints, these organizing and maintain-
ing activities diminish the cognitive capacity available for knowledge construction itself.  
GENERAL INTRODUCTION: COGNITIVE LOAD AND KNOWLEDGE SHARING 
13 
TASK COMPLEXITY AND COGNITIVE LOAD  
Another aspect that affects online collaborative learning concerns the task features: 
tasks should be designed for collaboration (Dillenbourg & Schneider, 1995; Kirschner, 
Beers, Boshuizen, & Gijselaers, 2008). In formal educational settings, tasks are pre-
designed to initiate collaboration among learners. Because of the non-formal character 
of learning in LNs, there are no pre-designed, mandatory learning tasks. Non-formal 
learners choose their own learning actions, which are based on their individual plans. In 
these kinds of cases, collaboration is initiated ad hoc because of the perceived complex-
ity of the learning “task” or action (rather than by the task design itself).  
According to CLT, task complexity depends on element interactivity. A task is com-
plex if many task elements interact and cannot be understood in isolation; a task is 
simple if few task elements interact or can be understood and learned independently of 
each other. Levels of element interactivity determine the level of intrinsic load of a task, 
because human working memory can only simultaneously process a limited number of 
interacting information elements (Paas, Renkl, et al., 2003; Sweller, 2006). When work-
ing on complex learning tasks, a learner’s limited working memory has to process many 
interacting elements, which causes a high intrinsic load. To have more cognitive re-
sources available, a learner may seek recourse to knowledge sharing, that is, to be 
helped out by others.  
According to CLT, two cognitive benefits of knowledge sharing explain why learners 
want to collaborate. First, it is assumed that a task’s intrinsic load can be shared among 
group members, which frees up individual working memory capacity (Kirschner, Paas, & 
Kirschner, 2008, 2009b). Second, a group can be considered to be an information pro-
cessing system that consists of multiple individual working memories (F. C. Kirschner et 
al., 2008; Kirschner, Paas, & Kirschner, 2009a; Kirschner et al., 2009b). In addition, the 
activities involved in collaboration, such as explaining, elaborating, trigger additional 
cognitive mechanisms that foster deeper learning and thus increase germane load. 
According to this argument, the thus created joint working memory has more pro-
cessing capacity and can therefore deal with more complex learning actions than can 
each individual working memory. However, these cognitive benefits can only work well 
if collaborating learners know how to share knowledge with each other. As argued, 
without support learners in LNs need to allocate extra cognitive resources to organizing 
and maintaining knowledge sharing. Thus, it could be detrimental to learning if a learner 
has to simultaneously deal with the high intrinsic load of complex learning actions and 
the extraneous load of knowledge sharing.  
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OPTIMIZING COGNITIVE LOAD DURING KNOWLEDGE SHARING  
To overcome the joint negative effects of the needs i) to find a collaborator, ii) to com-
municate online rather than face-to-face, iii) not to know how to collaborate and share 
knowledge, we propose to use a technology-enhanced peer support system (PSS) that 
applies the method of peer tutoring (PT), one form of collaborative learning. The tech-
nology used consists of a mechanism that guarantees that with relatively little effort an 
optimal knowledge-sharing match is made; it does so by selecting potential tutors and 
by providing appropriate interaction tools. We first describe the positive effects of PT 
on learning. Then we explain how such a PSS works in the context of LNs. Following this, 
we discuss how the use of our PSS in LNs optimizes cognitive load by (i) reducing extra-
neous load, (ii) increasing germane load and (iii) spreading high intrinsic load of the task 
among tutors and tutee. 
Peer tutoring (PT) is defined as “people from similar social groupings who are not 
professional teachers, helping each other to learn, and learning themselves by teach-
ing” (Topping, 1996, p.322). It is an instructional method that involves learners taking 
roles of tutee and tutor in a process of social negotiation to further knowledge sharing, 
construction, and understanding. It includes instructions to specify the role tasks of 
being tutor and tutee as well as to structure the interactions of the tutoring process 
(Topping, 2005). In formal learning settings, many teachers have applied this method to 
stimulate learners to discuss their learning and negotiate meaning with each other: they 
clarify their understanding of a topic and uncover gaps in or misunderstandings of the 
material (King, 1997, 1998, 2002). Various studies report that the students who learned 
with a PT method achieved higher learning outcomes, were more engaged in learning 
activities and knowledge sharing and less engaged in structuring these activities 
(Fantuzzo, Riggio, Connelly, & Dimeff, 1989; Greenwood, Delquadri, & Hall, 1989; 
Gyanani & Premlata, 1995; King, Staffieri, & Adelgais, 1998).  
With PT, tutees felt that peer tutors understood their problems better and were 
more interested in the communication process than staff tutors (Moust & Schmidt, 
1995). This translates to advantages for the tutee: the latter participates more actively 
and interactively in the learning process and gets more immediate feedback (Topping, 
1996). Importantly, the advantages of using PT are that it is not only beneficial for tu-
tees who initially want to acquire knowledge from tutors, but also for peer tutors who 
share knowledge with tutees (Gyanani & Premlata, 1995; Topping, 1996). Topping 
(1996) attributed the advantages of being a peer tutor to an old saying "to teach is to 
learn twice". Because tutoring is itself a motive for peer tutors to reorganize their exist-
ing knowledge, they pay more attention to the task and therefore increase more cogni-
tive participation in learning. 
Recently, our research group found benefits from ad hoc peer support in non-formal 
online learning environments. Learners indicated that investigating time in answering 
others’ questions improved their knowledge and understanding (Van Rosmalen et al., 
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2008a). Similar results were also found by De Bakker (2010): students who used a syn-
chronous peer support tool were positive about helping each other in answering ques-
tions on a specific topic. In an asynchronous PT environment, students were willing to 
practice more with peers than with the teacher, and they felt that they benefited from 
answering each other’s questions (Hsiao, 2009). 
Both collaborative learning and PT are used to increase the possibility of effective in-
teractions between learners. This is achieved by carefully selecting the proper peers for 
the specified roles, and by providing interaction rules that scaffold effective interac-
tions. In the next section, we discuss how this PSS that consists of a peer tutor selection 
system, role specifications, and interaction structures may optimize cognitive load dur-
ing knowledge sharing. 
Peer tutor selection 
In traditional PT, the teacher usually relies on instructional considerations to assign peer 
tutors. In LNs, learners have to find peer tutors by themselves and, as argued, this im-
poses extraneous load. In our proposed PSS, a peer tutor matching and selection system 
replaces the teacher’s arrangement. Results of our previous studies showed that more 
questions were answered in a shorter period of time when peer tutors were matched 
using several criteria, than when peer tutors were randomly assigned (Van Rosmalen et 
al., 2008a). On the one hand, this suggests that less extraneous load is imposed on the 
peers who collaborated with peer tutors to which selection criteria had been applied; 
on the other hand, when cognitive resources were directed to knowledge construction 
(i.e., question-answer behaviour) it suggests that participants were likely to experience 
germane load.  
Van Rosmalen et al. (2008a; 2008b) built a software application that, on the basis of 
a question asked by a learner (tutee), finds and invites a few suitable, potential tutors. 
The software used several selection criteria to arrive at the best possible tutor-tutee-
match: content competence, tutor competence, availability, and eligibility (Kester, 
Sloep, Van Rosmalen, et al., 2006; Van Rosmalen et al., 2008b). Content competence 
ensures that the peer tutor is knowledgeable on the subject. Tutor competence ensures 
that the peer tutor is able to transfer knowledge in an appropriate manner. Eligibility 
ensures that a peer tutor is selected who is at a learning level similar to that of the tu-
tee. Availability is not only based on actual availability according to a personal diary, but 
also considers the past workload to prevent that a particular learner is called upon too 
often. Jointly, these criteria ensure that a tutee is paired with the most suitable tutor. 
Use of this tutor-finding system instead of having to go out and find a tutor oneself 
translates into a reduced extraneous load for the tutee. The system also reduces the 
extraneous load for the peer tutor as it guarantees a match with a receptive tutee at 
little effort. What is more, this system also induces germane load because only the most 
suitable tutor knows best how to transmit knowledge to her tutee in view of her con-
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tent competence, tutor competence and eligibility (e.g., explanation, elaboration and 
clarification skills).  
Role specifications 
Role specifications include assigning roles and role tasks. When applying this PSS, the 
roles of tutor or tutee are assigned when knowledge sharing starts and this can de-
crease extraneous load. With role tasks, the extraneous load can be reduced because 
tutors and tutees know how to function when sharing knowledge. If role tasks are well 
specified, they can also increase germane load. For example, tutors are told to retrieve 
their prior knowledge, integrate it into the tutee’s question and explain it to the tutee; 
tutees are told to negotiate meaning if they do not understand tutors.  
When knowledge sharing works well, role tasks can optimize high intrinsic load of 
the learning action by making tutor and tutee become cognitive resources for each 
other. For example, a tutee relies on her tutor to check her understanding of the expla-
nations. A tutor reflects on her knowledge when reviewing the explanations of her tu-
tee from a different perspective. As already indicated, this mutual cognitive reliance 
should enlarge individual working memory capacity into a larger group working memory 
capacity and sparks off additional cognitive processes: they profit from the processing 
effort of others, they help each other to remember or recall certain aspects of their 
interaction history and learning actions, and they prompt each other for additional 
information. We argue that with this larger working memory capacity and increased 
germane load, tutor and tutee are better able to deal with high intrinsic load of the 
learning action.  
Interaction structures 
Traditionally, PT and collaborative learning apply interaction structures to make sure 
that the expected communication and collaboration between students will occur (King, 
1997, 1998, 2002; P. A. Kirschner et al., 2008). Thus, to structure interaction PT usually 
employs such approaches as supportive communication, explanation and elaboration, 
asking questions and sequencing questions, et cetera (King, 1997, 1998, 2002). These 
interaction structures scaffold the collaboration process of knowledge sharing and 
guide learners to clarify, organize and elaborate their ideas. They require extra cognitive 
processing but at the same time help knowledge construction (i.e., introduce germane 
load). 
As argued, in LNs the expected interaction and collaboration for knowledge sharing 
will not occur magically (Kester et al., 2007). Only providing learners with an online 
communication tool does not guarantee the collaborative knowledge sharing. However, 
due to the non-formal characteristics of LNs, we cannot pre-design the interaction and 
collaboration among learners as in the contexts of PT or collaborative learning. There-
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fore, the interaction structures in this proposed PSS are used differently to enable and 
promote collaboration in LNs. We refer our interaction structures to an enhanced wiki 
used in our previous studies (Van Rosmalen et al., 2008a; Van Rosmalen et al., 2008b). A 
wiki is an editable website that allows people to work collaboratively and its inherent 
characteristics naturally support group processes and knowledge construction (Cole, 
2009). In addition, our enhanced wiki includes instructions that specified role tasks, 
expected interaction and the process of knowledge sharing. The collaborative learning 
facilities that wikis offer have been effective in reducing extraneous load because in-
formation can be organized, updated and made visible to all students during the learn-
ing process (Kear, Woodthorpe, Robertson, & Hutchison, 2010; Trentin, 2009). In addi-
tion, studies have shown the potential of wikis in directing learners’ freed-up working 
memory to invest in learning itself: a wiki can promote deeper learning and engage 
students in high-level cognitive processes (Hewett, 2006; Hewitt, Peters, & Brett, 2006; 
Muscarà & Beercock, 2010). In sum, these studies show potential of using our enhanced 
wiki to avoid problems of communication and interaction during knowledge sharing 
(i.e., reducing extraneous load) and trigger extra cognitive processes (i.e., inducing ger-
mane load) during knowledge sharing. 
CONCLUSION 
We argued that knowledge sharing in LNs would result in additional extraneous load if 
there is no proper support that would guide learners to go through the knowledge shar-
ing process. The impact of increased extraneous load becomes particularly detrimental 
if learners work on complex learning actions that by their nature have a high intrinsic 
load.  
Numerous studies have applied the insights of CLT for teacher-lead instruction. To 
the best of our knowledge none address the cognitive aspects of learners in non-formal 
learning environments, environments without guidance of the teacher such as exempli-
fied by LNs. If anything, CLT seems to predict that in LNs with its self-directed learners 
and lack of specifically designed learning tasks, extraneous load is high. Learning com-
plex information and organizing knowledge sharing simultaneously would rapidly ex-
ceed the limitation of human working memory; according to CLT this is detrimental to 
learning. 
Similarly, CLT has been successfully used to underpin the benefits of collaborative 
learning, which reside in the reduction of intrinsic load and the expansion of total work-
ing memory. These benefits, however, do not seem to apply in the case of LNs, as they 
rely on tasks that have been designed beforehand with collaboration and the availability 
of teachers in mind. 
Yet, in this paper, we argue that, with a proper use of technology that fits the situa-
tion of online learning in LNs, a similar reduction of extraneous load and increase of 
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germane load may be achieved. The key to unlocking this potential lies in the principles 
of collaborative learning and PT.  
Previous studies of collaborative learning and PT have shown its various beneficial 
effects on the learning process. To assist learning through knowledge sharing in LNs, we 
suggest using a peer support system that transforms the mechanisms of traditional PT 
and collaborative learning for the online learning environment that a LN constitutes. 
Our analysis focused on three aspects that jointly would optimize the cognitive load 
identified during knowledge sharing. A software-based peer tutor selection system 
helps finding the most suitable knowledge sharer and thus should decrease extraneous 
load and increase germane load. Role specifications determine which role a learner 
takes, inform tutor and tutee how to carry out their role tasks, and help tutor and tutee 
to have more cognitive resources to deal with the high intrinsic load of the learning 
action. By supporting communication and collaboration of knowledge sharing, using an 
enhanced wiki as interaction structures reduces extraneous load and directs learners to 
invest mental effort in processes that contribute to learning causing so-called germane 
load. Please note that we propose this peer support system as an ad hoc support, to 
cater for self-organized knowledge sharing, instead of as an instruction intervention 
used in the conventional way of PT or collaborative learning.  
Research by Van Rosmalen (2008a) and De Bakker (2010) showed that a peer-tutor 
matching system and an associated interaction tool can be used, both in higher educa-
tion and in LNs to reduce staff tutor load. This gave us the confidence to assume this 
notion of ad hoc peer support system can be applied to enable and encourage self-
organized knowledge sharing. However, these studies measured effectiveness in such 
terms as user satisfaction, experts’ assessment of answer quality, responsiveness of the 
system, quality of the matching mechanism, etc. Our present argument is different. It is 
about the feasibility of LNs qua learning environments for non-formal learning. Alt-
hough arguments pro or con a peer support system’s effectiveness and efficiency are 
relevant to this, they do not shed any light on a comparison of such an environment 
with more traditional, teacher-led, formal learning environments. The vehicle of CLT 
provides a means for making such a comparison.  
On the face of it, CLT seems to indicate that novel, student-led (‘self-organized’), 
non-formal learning environments as LNs are inferior to traditional, teacher-led formal 
learning environments. As our analysis showed, such a superficial analysis may be quite 
misleading. Arguments can be found by using CLT: LNs empowered by software systems 
that support and facilitate peer support are quite capable of having a low extraneous 
load and a high germane load. Of course, only empirical evidence can confirm (or dis-
confirm) these a priori findings.  
That is why, in future studies, we intend to verify the arguments in this article. First, 
we will check our assumption that without support knowledge sharing on complex 
learning actions has detrimental effects on learning. We will use an experimental design 
that investigates whether there is an interaction effect from different support systems 
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and different levels of task complexity. Second, an empirical study will be conducted 
that investigates whether the proposed peer support system can indeed help optimize 
cognitive load in knowledge-sharing contexts. To achieve this, we need to translate CLT 
guidelines of instructional designs for reducing extraneous load and inducing germane 
into mechanisms for peer support systems in the context of LNs. We need to investigate 
further what constitutes adequate selection criteria, as well as how different interaction 
structures scaffold interaction and collaboration for knowledge sharing. Although, as 
indicated, the verdict is still out on whether the arguments given in this paper can with-
stand the scrutiny of empirical testing, in our view this paper has established that CLT 
can be sensibly and profitably used in the contexts of self-organized, self-direct, non-
formal learning such as found in LNs. 
RESEARCH QUESTIONS AND OVERVIEW OF THE STUDY 
Thus far, we introduced the characteristics of non-formal learning, in particular in the 
context of so-called Learning Networks. We also explained why we expect that self-
organized knowledge sharing on complex tasks without support infrastructure will be 
detrimental to learning, as seen from the perspective of cognitive load theory. Special 
attention was paid to the interplay between the task complexity and extraneous non-
learning activities for organizing knowledge sharing. Subsequently, we argued why a 
peer support system is likely to optimize the cognitive load by reducing ineffective ex-
traneous load, sharing intrinsic load from the task complexity and stimulating effective 
germane load. This resulted in a research agenda with two elements. The first one co-
vers the question of whether, indeed, knowledge sharing when working on complex 
tasks without the benefit of specific support will be detrimental to the learning gain. 
The second one covers the question how a specific peer support system needs to be 
configured to optimize cognitive load in knowledge sharing contexts. Chapter 2 of this 
thesis will be devoted to the first of these questions, Chapters 3 and 4 will address the 
second question. Chapter 5 will discuss the findings of these three chapters in general 
terms. 
More specifically, then, Chapter 2 is an experimental study that is based on the first 
didactic principle of cognitive load theory, that is, that the design of learning environ-
ments should not distract learners’ attention to processes irrelevant to learning. We 
examine effects of different types of support on knowledge sharing as a function of task 
complexity: i) the existing peer support system that includes automated peer tutor 
selection and a collaborative communication medium (wiki), ii) conventional forum with 
only a collaborative communication medium, and iii) a control group without any sup-
port on knowledge sharing. It is investigated whether using the existing peer support 
system results in higher learning efficiency on complex tasks than using a conventional 
forum. This research employs quantitative methodology to examine the effects of these 
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three types of support on learning performance, experienced cognitive load and learn-
ing efficiency that combines learning performance and cognitive load. The following 
research question is under discussion: 
RQ1: What are effects of using a peer support system on knowledge sharing 
compared to a conventional forum or a control group as a function of task com-
plexity? 
Following the design guidelines of cognitive load theory, Chapter 3 in the second exper-
imental study aims to find out how to support tutors to perform their tutoring task that 
supposedly contributes to learning on complex tasks. The self-study tutoring guides to 
enhance tutors’ content knowledge used in our existing peer support system are com-
pared to the self-study tutoring guides to enhance tutors’ tutoring skills. Tutors with 
content knowledge receive additional course materials whereas tutors with tutoring 
skills receive interaction structures that apply both task-processing and pedagogical 
skills. It is investigated which type of tutors can help tutees make better essays, can help 
tutees work more efficiently and results in better tutee evaluation of tutor help.  
RQ2: What are effects of using self-study tutoring guides to enhance peer tutors’ 
content knowledge versus tutoring skills on helping tutee complex tasks? 
The third experimental study is presented in Chapter 4. It is a follow up of the previous 
study with a similar but slightly different research question. This time training rather 
than self-study tutoring guides are used to enhance peer tutors’ content knowledge and 
tutoring skills. To better gauge the effects of training on how tutors perform their in-
structional task, this experiment is conducted in the context of peer tutors formulating 
feedback on tutees’ research questions. It is investigated which type of tutors can for-
mulate better feedback, can better motivate their tutees to revise research questions, 
and can result in better tutee research questions. 
RQ3: What are effects of training peer tutors in content knowledge versus tutor-
ing skills on helping tutee complex tasks? 
Table 1.1 provides an overview of the research questions that this thesis addresses, 
including the ones discussed from a theoretical vantage point in the present chapter. 
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Table 1.1. Overview of the chapters 
 Independent variables/Interventions Dependent variables 
RQa: From the perspective of cognitive load theory, why might self-organized knowledge sharing on complex 
tasks overload learners? 
Conception paper 
(Chapter 1) 
Finding a tutor 
Maintaining the interaction process 
▪ Cognitive load 
RQb: How can our peer support system facilitate knowledge sharing based on the design guidelines of 
cognitive load theory? 
Conception paper 
(Chapter 1) 
Assigning peer tutor  
Role specification 
Interaction structure 
▪ Cognitive load 
RQ1: What are effects of using a peer support system on knowledge sharing compared to a conventional 
forum or a control group as a function of task complexity? 
Experimental study 1 
(Chapter 2) 
Three types of support on 
knowledge sharing  
(peer support system vs forum vs no 
support) 
▪ Learning performance 
▪ Cognitive load 
▪ Learning efficiency 
RQ2: What are effects of using self-study tutoring guides to enhance peer tutors’ content knowledge versus 
tutoring skills on helping tutee complex tasks? 
Experimental study 2 
(Chapter 3) 
Types of self-study tutoring guides  
(content knowledge versus tutoring 
skills) 
▪ Tutee data on learning performance, 
cognitive load and learning efficiency 
RQ3: What are effects of training peer tutors in content knowledge versus tutoring skills on helping tutee 
complex tasks? 
Experimental study 3 
(Chapter 4) 
Types of training 
(content knowledge versus tutoring 
skills) 
▪ Tutor feedback quality 
▪ Tutee data on learning performance and 
motivation 
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Chapter 2 
Effects of using a peer support system to 
optimize knowledge sharing in Learning 
Networks: 
A cognitive load perspective 
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As discussed in Chapter 1, without support, self-organized knowledge sharing would 
result in too much extraneous load. When working on complex tasks, non-supported 
knowledge sharing is likely to exceed learners’ limited working memory capacities. Based 
on the didactic guidelines of cognitive load theory, a learning environment should be 
designed to avoid cognitive overload. Also, it is imperative to reduce extraneous load 
when learners work on complex tasks that impose a high intrinsic load (Van Merriënboer 
& Sweller, 2005).  
 This chapter investigates the effects of types of support as a function of task com-
plexity: our peer support system, a forum, and no support as a control group. We im-
plement an experiment in a non-formal Learning Network to test whether there is an 
interaction effect between types of support and task complexity.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is based on 
Hsiao, Y. P. (Amy), Brouns, F., Sloep, P. B. (accepted). Effects of using a peer support sys-
tem to optimize knowledge sharing in Learning Networks: A cognitive load perspective.  
It is furthermore based on the following conference contribution. 
• Hsiao, Y. P., Brouns, F., & Sloep, P. B. (2012, July, 19-21, 2012). Designing optimal 
peer support to alleviate learner cognitive load in Learning Networks. Paper present-
ed at the IADIS International Conference Web-Based Communities and Social Media 
2012, Lisbon, Portugal.  
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EFFECTS OF USING A PEER SUPPORT SYSTEM TO OPTIMIZE KNOWLEDGE 
SHARING IN LEARNING NETWORKS: A COGNITIVE LOAD PERSPECTIVE 
 
ABSTRACT 
Knowledge sharing is key to non-formal learners who want to learn deeply in the con-
text of social networks for learning. However, according to cognitive load theory, with-
out support from others, self-organizing these activities hampers learning when working 
on complex tasks. After all, learners have to simultaneously deal with the high intrinsic 
load of the complex tasks and the extraneous load of knowledge sharing activities. For 
learning tasks that have to be performed in networked learning environments, reducing 
extraneous load therefore becomes imperative. To facilitate knowledge sharing, in this 
study, we used a peer support system to match learners; we also provided role specifi-
cations and an interaction tool (wiki). Primarily, our study investigated the effects of 
using this peer support system for the facilitation of knowledge sharing at different 
levels of task complexity in a specific Learning Network. The results did not significantly 
show that this peer support system was instrumental in reducing cognitive load and 
improving learning performance. However, the study did shed an illuminating light on 
two other questions: 1) how to apply instructional guidelines of cognitive load theory to 
non-formal Learning Networks, and 2) what are the challenges of data collection, espe-
cially for measuring cognitive load in social learning environments. 
  
CHAPTER 2 
26 
INTRODUCTION 
Learning Networks (LNs) are a particular kind of online social network designed to sup-
port self-directed lifelong learners in a particular domain. They comprise groups of peo-
ple who use learning resources to learn at the place, time and pace that suits them best 
(Koper et al., 2005; Sloep, 2009). Within our notion of an LN, learners have to take re-
sponsibility to organize their own learning activities, to acquire knowledge from others, 
and to achieve their personalized learning goals (Kester et al., 2007). During the learning 
process, it is likely that learners in LNs have the same needs as formal learners: they 
need to share and construct knowledge through interaction with others. In formal 
learning settings, this is usually done by either consulting the teacher or sharing 
knowledge with other students within the social structure of a class. In LNs, learners 
have to organize knowledge sharing themselves and, according to cognitive load theory 
(Sweller, 1988), this might affect learning performance and efficiency.  
Cognitive load theory (CLT) aims to build up pedagogical guidelines for designing 
learning tasks or arranging learning environments; it is based on the premise that the 
human cognitive architecture consists of a limited working memory and unlimited long-
term memory capacities. Cognitive load refers to the learner’s limited working memory 
capacity actually allocated to performing a particular task. It has been recognized as an 
important limiting factor for learner performance (Paas & Van Merriënboer, 1994; 
Sweller et al., 1998). CLT distinguishes three types of cognitive load: intrinsic, extrane-
ous, and germane load (Paas, Renkl, et al., 2003; Van Gog & Paas, 2008). Intrinsic load is 
determined by the extent of element interactivity intrinsic to the learning task: a task is 
complex when learners have to simultaneously process multiple information elements 
(Sweller, 2006). Extraneous and germane load result from the design of learning tasks 
or environments: inefficient or bad designs impose extraneous load because learners 
have to allocate working memory capacity to activities that are irrelevant to learning; in 
contrast, efficient or good designs impose germane load because they guide learners to 
devote more cognitive processing to learning. For any task that learners perform, the 
sum of these three types of cognitive load should not overload their limited working 
memory capacity. 
Unlike in most formal educational settings, in LNs there is no social structure of a 
class, nor do participants share a common learning history: they often do not even 
know who others are and what others know (Sloep & Berlanga, 2011). When learners 
have to self-organize knowledge sharing, they first have to find out who the potential 
sharers of relevant knowledge are. Then, during knowledge sharing, they have to main-
tain social interaction until a shared understanding is reached. These activities will in-
crease extraneous load, because they are not directly related to learning itself but to 
the learning environment; that is, they detract from learning rather than facilitate it. 
According to CLT, extraneous load is not only ineffective or detrimental to learning but 
it in particular negatively impacts learning complex tasks, that are already high in intrin-
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sic load (Van Gog & Paas, 2008). For complex tasks, it is thus imperative to reduce ex-
traneous load (Van Merriënboer & Sweller, 2005). This pedagogical guideline is particu-
larly important in LNs. There, lifelong learners routinely encounter authentic, often 
complex, problems that require learners to simultaneously deal with multiple interac-
tive information elements across different domains or situations. The extraneous load 
imposed by self-organized knowledge sharing plus the high intrinsic load of complex 
tasks, would easily overload learners’ limited cognitive capacity (Hsiao, Brouns, Kester, 
& Sloep, 2013). 
To prevent this, we propose to use a peer support system (PSS) (Hsiao et al., 2013; 
Van Rosmalen et al., 2008a; Van Rosmalen et al., 2008b). Such a system aims to replace 
the arrangements teachers in formal educational settings make to structure peer learn-
ing. In LNs, involving peers to help each other is closely akin to a commonly applied 
pedagogical method: peer tutoring. It is defined as “people from similar social groupings 
who are not professional teachers, helping each other to learn, and learning themselves 
by teaching” (Topping, 1996, p.322). Conventionally, when applying peer tutoring the 
teacher usually relies on instructional considerations to assign peer tutors and to pro-
vide students with interaction structures that not only guide communication processes 
but also stimulate students to discuss their learning and negotiate meaning with each 
other (Dillenbourg, 1999; Topping, 1996). In our previous studies, when knowledge 
sharing was initiated by a tutee (i.e. a learner who asks for help) the PSS automatically 
assigned suitable peer tutors (i.e. learners who provide help). The PSS based itself on a 
set of selection criteria such as learner availability, content competency, tutor compe-
tency and eligibility (Van Rosmalen et al., 2008a; Van Rosmalen et al., 2008b). Moreo-
ver, the PSS was equipped with instructions akin to interaction structures, which con-
sisted of role specifications that specified what tutors and tutees should do, as well as a 
wiki that allowed learners to work collaboratively. This PSS, we surmise, has the poten-
tial to decrease extraneous load in two stages of self-organized knowledge sharing: 
finding relevant tutees and maintaining social interaction. 
Therefore, the main purpose of this study is to investigate whether such a peer sup-
port system can reduce extraneous load, especially when working on complex tasks. We 
focus on three forms of knowledge sharing support: no support (the control groups), a 
forum that only supports social interaction and our PSS that also supports the stage of 
locating relevant peers (Van Rosmalen et al., 2008a; Van Rosmalen et al., 2008b). Since 
the PSS is supposed to be particularly needed for complex problems, we look at both 
simple and complex tasks. Thus we aim to answer the following research question:  
What are the effects of using different forms of support on learners’ cognitive 
load, learning performance and efficiency when working on simple and complex 
tasks?  
Based on the design guideline of CLT, we formulate the hypothesis as:  
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There is a significant interaction effect on learners’ cognitive load, learning per-
formance and efficiency between using different forms of support and task com-
plexity. For simple tasks, no differences of these three measures will be found be-
tween different forms of support; for complex tasks, learners supported by PSS 
have lower cognitive load, higher learning performance and learning efficiency 
than forum and control groups.  
METHOD 
Online course Internet Basics 
To implement this study, we set up an online course, Internet Basics, in a Moodle learn-
ing environment. This course was not part of any formal program of the university, so 
participants did not receive any European Credits after they finished the course. In 
addition, the course was designed fully for self-study and there was no staff teacher 
available to steer the learning process. The estimated number of study hours was 20. 
The course was available online for eight weeks. Participants who met most require-
ments of this course received a participation certificate. 
The course consisted of general information and ten modules dealing with different 
subjects related to Internet. The general information contains welcome words, four 
questions about the participant’s personal situation, a ‘how to complete each module’, 
user manuals, links to Internet vocabulary dictionaries, frequently asked questions 
(FAQ), as well as general conditions for receiving a participation certificate. The user 
manual included instructions on how to log onto the course site, a course overview, 
navigation to the course or module page, how to start with a new module and a FAQ. 
The FAQ consisted of three types of questions: general questions, questions about the 
course and questions related to computers.  
Each module started with a brief introduction and consisted of several sub-topics. 
The ten modules were: Getting more out of your Internet browsers, Paying safely on 
the Internet, Making use of useful websites, Web 2.0 a new Internet, Using the Internet 
as a recreation place, Getting access to the Internet, Searching the web, Virus and spy-
ware, Spam and inappropriate content, and How to build a personal webpage. 
Design and participants 
Our study followed a factorial design with two between-subjects independent variables: 
task complexity (simple vs. complex) and types of support (control vs. forum vs. peer 
support system). There were thus six cells; a different group of participants was allocat-
ed to each cell (see Table 2.1). So, although all participants had access to the same 
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module content, each group had either simple or complex tasks or experienced a dif-
ferent kind of support when working on the tasks.  
Through an online announcement on various websites, we recruited 534 partici-
pants and randomly assigned them to each group. However, only 329 participants actu-
ally started with the course, out of which only 167 worked on one or more tasks. The 
number of participants used for the analyses is therefore 167, Table 2.1 shows the 
number of participants per group. 
More than half of the 167 participants were female (61%) and around two-thirds of 
the participants were older than 45 years old (68%). Sixty-eight percent of the partici-
pants had a degree in higher education. More than half (57%) of the participants indi-
cated that they had sufficient computer skills.  
 
Table 2.1. Factorial design and number of participants per cell 
Task complexity 
Types of support 
Total Control Forum PSS 
Simple 29 25 26 80 
Complex 31 27 29 87 
Total 60 52 55 167 
Interventions  
Task complexity 
We designed twenty tasks based on Sweller and Chandler’s definition of task complexity 
(1994). These tasks aimed to review the sub-topics within each module. A simple task 
required content knowledge of non-interacting topics (e.g., What is browser history? 
What is the purpose of cookies?), whereas a complex task required synthe-
sized/integrated knowledge of multiple interacting topics (e.g., What are the differences 
between browser history and cookies?). Two experts in the field of cognitive load theo-
ry judged the relative complexity of these twenty tasks to ensure that task complexity 
was as intended.  
Types of support 
When working on the tasks, participants received one of the three types of support 
when sharing knowledge with others.  
Participants in the two control groups received no support at all (nor where provid-
ed with communication means). For the forum and PSS groups, participants could sub-
mit their inquiries for knowledge sharing to a dialog box called Pose your question, 
which for them was added to the right-hand side of each module’s homepage. To sub-
mit an inquiry, participants simply clicked on Pose your question and the system navi-
gated them to either the forum or the PSS pages. Participants in the forum groups then 
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had to wait until others responded to their posts (as in regular forums). For PSS groups, 
when tutees submitted inquiries to the system, it selected available peer tutors for 
them. Availability was based on participants’ past workload, i.e. the number of inquiries 
responded to previously (Van Rosmalen et al., 2008a; Van Rosmalen et al., 2008b). To 
select potential peer tutors, the PSS sent out invitations that included the question 
posed. When someone accepted the invitation to act as peer tutor, the system would 
set up a wiki page private to the tutee and tutor, which contained the question and role 
specifications as guidelines. Peer tutor and tutee discussed and formulated answers in 
the wiki. When the tutee was satisfied with the answer, he or she could close the dis-
cussion and rate the answer quality. For forum and PSS groups, there was an extra 
manual which explained how to use the forum or PSS, respectively.  
Measures 
Cognitive load measures  
To measure cognitive load, we asked participants to report how much mental effort 
they invested when working on the tasks by rating on a 9-point unidimensional cognitive 
load rating scale (Paas, 1992; Paas, Tuovinen, et al., 2003). This rating scale ranged from 
a very very low effort (1) to a very very high effort (9). 
Pre- and post-tests 
Every module started with a pre-test and ended with a post-test. Both tests were identi-
cal and they consisted of a few content-related multiple choice questions or matching 
questions. The total score of each pre- and post-test was 10. We used pre-test scores as 
co-variate to establish the level of similarity between the six groups of participants and 
post-test scores to represent learning performance.  
Learning efficiency  
The above-mentioned mental effort measure does not distinguish between the three 
types of cognitive load discussed (Beckmann, 2010; De Jong, 2010). To measure the 
effects of an instructional design on cognitive load, the conventional approach of most 
CLT studies is to combine cognitive load measures with performance measures to calcu-
late learning efficiency (Paas & Van Merriënboer, 1993; Van Gog & Paas, 2008). Thus, a 
high learning efficiency can be inferred from a high performance score with a low men-
tal effort investment, whereas a low learning efficiency is a low performance score with 
a high mental effort investment. Depending on the aim of an instructional design, men-
tal effort can be measured at either the learning or testing phase for calculating two 
types of efficiency scores. If an instructional design aims to reduce extraneous load, the 
perceived mental effort at the learning phase should be combined with the perfor-
mance score at the testing phase (i.e., the adapted formula); if the aim is to optimize 
cognitive load (to both reduce extraneous load and induce germane load), then both 
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the mental effort and performance score at the testing phases are combined to calcu-
late the efficiency (i.e., the original formula) (Van Gog & Paas, 2008). Since our aim is to 
reduce extraneous load, we combined mental effort invested in carrying out the tasks 
during the learning phase (ME) with learning performance (P) (i.e., post-test scores) to 
calculate adapted efficiencies (E) (Van Gog & Paas, 2008). To calculate E, all scores of 
performance and mental effort were converted into standardized z-scores by first sub-
tracting the grand mean from each score and dividing the result by the overall standard 
deviation, and then applying the following formula (Paas, Tuovinen, et al., 2003):  
( ) 2/MEP zzE −=  
Course evaluation questionnaire 
To investigate how participants appreciated using forums or PSS for sharing knowledge, 
we used a modified version of the course evaluation questionnaire developed by Van 
Rosmalen et al. (2008a). The questionnaire included the following sections: general 
questions (these were the same for control, forum and PSS groups), use of forums or 
PSS as being tutees and tutors, overall evaluation (only for forum and PSS groups), and 
closure (i.e., whether the participants wanted to apply for the certificate and research 
results). 
Procedure 
When the course started, participants were shown the General information when they 
first logged into the course site. To start with each module, participants first had to take 
the pre-test of that module and get an enrolment key. There were separate enrolment 
keys for each of the modules. Participants could only start with the module by entering 
the enrolment key. To complete each module, participants worked on the tasks, shared 
knowledge with others, indicated mental effort they invested on the task as well as took 
the post-test. When the course was finished, we asked participants to fill in the course 
evaluation questionnaire by e-mail. 
Data collection during the knowledge sharing process 
To study how the PSS or the forum supports the process of knowledge sharing, we col-
lected the following data: number of inquiries submitted for each of the modules, 
names of persons who submitted inquiries, names of persons who responded to the 
inquiries as well as the text of the inquiries and responses. In addition, for the PSS 
groups we traced for which topic the PSS support was activated, who was invited, how 
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many people were invited, whether the invitation was accepted or not, and finally the 
outcome, as rated by the learner submitting the inquiry. 
DATA PROCESSING AND ANALYSIS 
The results show that participants did not complete all requirements that we asked 
them to do in General information, in particular taking the pre-tests, working on the 
tasks, and taking the post-tests. Only 58% of the 167 participants took all ten pre-tests, 
14% completed all ten tasks, and 53% took all ten post-tests. On average, participants 
took 7.46 pre-tests, completed 4.87 tasks, and took 6.79 post-tests. This shows that 
there were many missing values in our dataset, making statistical analysis based on the 
raw scores infeasible. Therefore, instead of using raw scores, we computed the means 
of each dependent variable (pre-tests, mental effort, and post-tests) on the modules 
each participant completed (see Appendix A).  
A two-way ANCOVA was undertaken in SPSS using the generalized linear model 
(GLM). We examined group differences of two independent variables (task complexity 
and types of support) on the means of mental effort and efficiency scores while control-
ling for a covariate of the means of the pre-test scores. Two assumptions underlying 
ANCOVA were examined: independence of the independent variables and covariate, 
and homogeneity of regression slopes. The test results show that these assumptions 
were met. A significance level of .05 was used for all analyses. We used partial eta-
squared (ηp
2) as an estimate of effect size, with .01 corresponding to a small effect, .06 
to a medium effect, and .14 to a large effect (Tabachnick & Fidell, 2007). 
RESULTS 
Mental effort 
Table 2.2 shows the means and standard deviations of the means of mental effort per 
experimental group, per independent variable and for all participants. 
The test results showed that the covariate, pre-test scores, was not significantly re-
lated to mental effort scores, F(1, 160) = .95, p = .330. After controlling for the effect of 
pre-test scores, the main effect of using different levels of support on post-test scores 
was non-significant, F(2, 160) = .62, p = .540. However, there was a significant main 
effect for task complexity, F(1, 160) = 4.62, p = .033, ηp2 = .03, such that the average 
mental effort was higher for complex tasks than for simple tasks. There was a significant 
interaction effect between levels of support and task complexity on mental effort in-
vested on the tasks, F(2, 160) = 6.93, p = .001, ηp2 = .08. This indicates that task com-
plexity had a medium effect on mental effort depending on levels of support.  
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To further investigate the interaction effect we performed a simple effects analysis. 
The results showed that there was no significant difference in mental effort on simple 
tasks between the three types of support, F(2,160) = 2.71, p = .070. However, for com-
plex tasks, we did find a significant difference, F(2, 160) = 4.93, p = .008. Specifically, the 
results of pairwise comparison showed that on complex tasks mental effort reported by 
the control group was significantly lower than that reported by PSS (p = .005) and forum 
group (p = .014).  
 
Table 2.2. Means (M) and standard deviations (SD) of means of mental effort (range: 1-9) on the tasks  
Task complexity 
Types of support 
Total Control Forum PSS  
M SD  M SD  M SD  M SD 
Simple 4.60 .95 3.85 1.49 4.14 1.04 2.22 1.20 
Complex 4.06 1.48 4.81 .98 4.94 1.10 4.58 1.27 
Total 4.32 1.27 4.35 1.33 4.56 1.13 4.41 1.24 
Efficiency  
Table 2.3 shows the means and standard deviations of efficiency scores per experi-
mental group, per independent variable and for all participants. According to Sweller, 
Ayres and Kalyuga (2011b), a positive efficiency score (E > 0) represents efficient learn-
ing (i.e., a relatively high post-test score in combination with a relatively low mental 
effort) whereas a negative efficiency score (E < 0) represents inefficient learning (i.e., a 
relatively low post-test score in combination with a relatively high mental effort). Table 
2.3 shows: i) participants in groups of complex tasks worked less efficiently than those 
in groups of simple tasks, and ii) participants in the control and PSS groups worked less 
efficiently than those in the forum group. 
The test results showed that the covariate, pre-test scores, was significantly related 
to efficiency scores, F(1, 160) = 22.02, p < .001, ηp2 = .12. After controlling for the effects 
of pre-test scores, the main effect of using different support on efficiency scores was 
non-significant, F(2, 160) = 1.15, p = .320. However, there was a significant main effect 
for task complexity, F(1, 160) = 4.80, p = .030, ηp2 = .03, such that the average efficiency 
score was higher for simple tasks than for complex tasks. The interaction effect was 
significant, F(2, 160) = 5.29, p = .006, ηp2 = .06, indicating task complexity had a medium 
effect on efficiency scores depending on levels of support.  
As with mental effort, the results of simple effects analysis showed no significant dif-
ference in efficiency scores on simple tasks between the three types of support, F(2, 
160) = 2.38, p = .096. However, for complex tasks the difference was significant, F(2, 
160) = 4.03, p = .020. Specifically, the results of pairwise comparison showed that effi-
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ciency scores of the control group were significantly higher than those of the PSS group 
on complex tasks (p = .031). 
 
Table 2.3. Means (M) and standard deviations (SD) of efficiency scores 
Task complexity 
Types of support 
Total Control Forum PSS  
M SD  M SD  M SD  M SD 
Simple -.23 1.15 .46 1.02 .33 .58 .17 .99 
Complex .04 1.22 -.07 .89 -.45 .99 -.16 1.06 
Total -.09 1.19 .19 .98 -.08 .90 -.001 1.04 
Knowledge sharing (forum and PSS groups)  
Table 2.4 shows that there were only a limited number of inquiries submitted by both 
forum and PSS groups. Therefore, we cannot fully test the hypothesis since the support 
of forum and PSS was not used sufficiently to have effects on knowledge sharing. In 
addition, Table 2.4 shows that only half of the inquiries received responses in the forum 
groups, and less than half of the inquiries were taken up in the PSS groups. Among 
these responses, only a small proportion of responses provided valid answers to the 
inquiries. Table 2.4 displays that groups with simple tasks submitted more inquiries than 
complex ones.  
 
Table 2.4. Absolute frequencies and percentages of using the “Pose your question” dialog box. Simple refers 
to participants working on a simple task, complex to participants working on a complex task.  
 Forum 
simple 
 Forum 
complex 
 PSS 
simple 
 PSS 
complex 
Total inquiries submitted 16  13  16  9 
Invitations sent -  -  58  34 
Responses provided/invitations accepted 9  9  7  3 
Percentage responses/inquiries 56%  69%  44%  33% 
Valid answers 5  6  3  1 
Percentage valid answers/inquiries 31%  46%  19%  11% 
DISCUSSION 
To summarize, though the findings showed no main effects on levels of support, they 
confirmed our assumption that task complexity has effects on cognitive load that learn-
ers experience. Even when working on complex tasks, mental effort was low and effi-
ciency scores were high. This indicates that mental effort did not reach the full limit and 
any extraneous load there was, did not result in cognitively overloading working 
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memory. Results also show that levels of support become important for complex tasks, 
as we observed an interaction effect. However, contrary to our hypothesis, the interac-
tion effect was reversed: the control group experienced less mental effort and higher 
efficiency than did the forum and PSS. We will try to explain why this might have hap-
pened. 
The study was designed to investigate whether extraneous cognitive load can be re-
duced by applying our PSS as a support structure. Unfortunately, the participants did 
not use the supports of forum and PSS as intended. Therefore we cannot draw any 
conclusions with regard to the use of the tools on cognitive load, learning performance 
and efficiency. One may argue that the treatments actually involved more than the 
mere presence of the communication tools. The treatments involved many steps the 
learners had to take: to sign up to Moodle, read the General information and FAQ, take 
as many pre-tests as they wanted to start with modules, read the instructions, read the 
learning materials, do assignments in the material, perform the assigned tasks, com-
plete the mental effort instruments and take a post-test to complete the module. In 
addition, the forum and PSS groups received extra instructions about how to use the 
tools to share knowledge with others. It is possible that merely being instructed to use 
the tools might already have imposed too much cognitive load on the participants in 
addition to the fixed deadline to actually use the tools. So our argument then would be 
that the treatments themselves involved a significant amount of cognitive load, drown-
ing out any effect of the cognitive load reduction we anticipated to measure. 
There are other factors that might have affected the results. The evaluation ques-
tionnaire provides some insights into these. Half (53%) of the respondents thought that 
the course was very easy or easy for self-study. More than three-quarter (77%) said 
they were not in need of finding someone to share knowledge. These results might 
explain why the supports of forum and PSS were not used much, as participants did not 
need to share knowledge for learning in this course. This contrasts with earlier studies, 
in which we used the same course and a sufficient number of questions were asked (De 
Bakker, 2010; Van Rosmalen et al., 2008a). It might be that our participants were of a 
different background, or that the general knowledge about Internet had increased over 
the years. Oddly, the level of the course was not too basic and met the learning objec-
tives of the participants, as 70% of the respondents indicated to be satisfied with the 
course. Apparently they could meet their learning needs, though knowledge sharing did 
not occur very often. Furthermore, and importantly for our understanding of a reversed 
interaction effect, respondents of the control groups (85%) were more satisfied with 
the course than those of the forum and PSS groups (63%). If there is no need for 
knowledge sharing, those who are instructed yet to do so (forum and PSS groups), are 
likely to experience this as superfluous activity.  
If the tasks were not complex enough to trigger needs of knowledge sharing, the 
setting of the control group is likely to make participants experience less workload, 
because they thought they just had to work alone to finish the course. This is in contrast 
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with forum and PSS groups, whose participants were aware that they had to interact 
with others while, as argued, they actually did not need it. In particular, learners of the 
PSS groups might have constantly received invitations to help others’ questions and this 
might result in higher extraneous load for two reasons. First, they might be not clear 
about why they received such invitations. From e-mail communications with the 
Helpdesk we set up, we noted that many participants did not read the General infor-
mation and thus did not understand that helping others’ questions was part of the 
course requirements. Second, the PSS support in this study randomly assigned other 
available participants as peer tutors to those who submitted inquiries. According to e-
mails we received, some participants were irritated when they received invitations 
because they had not yet studied the modules related to the inquiries submitted. Thus, 
random matching might impose extraneous load instead of reducing it. 
It is interesting to note that complex tasks did not induce more knowledge sharing 
inquiries than the simple ones, though they did impose more cognitive load than the 
simple ones. One possible explanation may be that learners did not really work on these 
complex tasks since they did not have an obligation to do so. With estimation of mental 
effort in mind, they are likely to avoid being overloaded by further using the supports 
for knowledge sharing: to formulate their inquiries and to interact with others. To solve 
their problems, participants might simply have used search engines or other resources 
when working on their accord. We did not enforce the use of the support tools we de-
vised, because we tried to emulate a networked learning situation as closely as possible. 
In such situations it is the learner who has control and decides what learning activities 
to perform. We hoped that by designing the course modules and the tasks carefully, the 
need for knowledge sharing would become apparent. Our aim was to know whether the 
PSS support would reduce extraneous load imposed by knowledge sharing on complex 
tasks: if the extraneous load is reduced, then there should be a higher efficiency score 
that combines low mental effort on the tasks and high learning performance scores. 
However, the non-formal learning environments of LNs prevented us from measuring 
cognitive load accurately and timely, and we could not interpret the results in the con-
ventional way that is used in the most CLT studies. For most CLT studies, cognitive load 
is measured in strictly-controlled settings: participants have to complete tasks in the 
learning phase and then take performance tests within the limited time for every partic-
ipant. In LNs, we could not force participants to fulfil all course requirements, because 
this would go against their self-directness, personalized learning goals and defining 
features of LNs. It was likely that participants chose the topics that interested them or 
skipped the topics they already knew.  
Moreover, learners who were first-time participants in an LN are likely more inter-
ested in finding out the information or issues related to the topic and they might not be 
ready to ask questions (Ferguson, 2011). In addition, as indicated by help-seeking stud-
ies in online learning environments asking questions is a complex process and it can be 
seen as task of its own for learners (Stahl & Bromme, 2009). They need to be aware of 
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their need for asking questions, decide to ask questions, find potential answer-givers, 
use strategies to ask questions and evaluate whether the answers are useful for their 
questions (Nelson-Le Gall, 1981; Newman, 1994). The experimental design used in this 
study, in which we aimed at a high ecological validity, forced us to only focus on how to 
support finding potential answer-givers of the entire complex process.  
We conclude that there is a need to reconsider the use of conventional instruments 
of measuring cognitive load in open settings such as an LN environment. A corollary to 
this is that, although cognitive load theory should be applicable to less controlled situa-
tions than those investigated by cognitive load theorists to date, CLT’s measurement 
tools are unfit for situations in which students have a high degree of self-directedness. 
Any future studies in ecologically valid settings, therefore, should pay much attention to 
developing instruments to measure cognitive load that are appropriate to the situation 
at hand. In addition, it turned out to be very difficult to study the various factors we 
believe are relevant for a support structure that has to stimulate and promote 
knowledge sharing in an LN context. Future studies on LNs, therefore may consider 
applying design-based research methods as they suit the real-world context of LNs 
better.  
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Chapter 3 
Effects of enhancing peer tutors’ content 
knowledge versus tutoring skills on helping 
tutees complete a complex task 
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In Chapter 2, we focused on how to reduce extraneous load imposed by self-organized 
knowledge sharing through a peer support system. Following the guidelines of cognitive 
load theory, the design of a learning environment should not only reduce extraneous 
load but also stimulate cognitive processes that are germane to learning itself. There-
fore, the present chapter and the following aim to find out how to design the peer sup-
port system in such a way that it induces germane processes during knowledge sharing. 
In particular, we investigate the effects of two types of tutor support on helping tutees 
deal with the cognitive demands of complex tasks. To examine this, we implemented two 
studies in (informal) school settings in which participants shared knowledge with others. 
 In the studies of peer tutoring, two common methods to increase the effectiveness of 
peer tutoring are used: self-study tutoring guides and training. In this chapter, we exam-
ine the effects of supporting tutors with self-study tutoring guides that consist of either 
additional course materials (to enhance content knowledge) or pre-designed questions 
(to enhance tutoring skills) on helping tutees with a complex essay task. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is based on 
Hsiao, Y. P. (Amy), Brouns, F., Van Bruggen, J., Sloep, P. B. (re-submitted). Effects of 
enhancing peer tutors’ content knowledge versus tutoring skills on helping tutees on a 
complex task. 
It is furthermore based on the following conference contribution. 
• Hsiao, Y. P., Brouns, F., Van Bruggen, J., & Sloep, P. B. (2012, 19-21 October). Effects 
of peer-tutor competences on learner cognitive load and learning performance dur-
ing knowledge sharing. Paper presented at the IADIS International Conference Cog-
nition and Exploratory Learning in Digital Age (CELDA), Madrid, Spain. 
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ABSTRACT 
This study investigated how student peers, acting as tutors, can effectively help peer 
tutees to write a compare-and-contrast essay. In the experiment, either the tutor’s 
content knowledge or tutoring skills were increased. After controlling for gender ef-
fects, forty-four tutor-tutee pairs of fourth year Dutch secondary school students aged 
16-17 years were created and randomly assigned to one of two treatments. Twenty 
pairs were assigned to ‘increasing tutor content knowledge’, and twenty-four pairs to 
‘increasing tutoring skills’. Two tutoring guide booklets were used in the treatment: one 
provided tutors with additional course materials to enhance their content knowledge; 
the other provided tutors with interaction structures to enhance their tutoring skills. 
While using the relevant guide booklet, tutors helped tutees work on the essay in an 
online chat. Tutees who were helped by tutors receiving improved tutoring skills per-
formed better on their essays and also worked more efficiently than those helped by 
tutors with improved content knowledge. 
INTRODUCTION 
Peer tutoring is an instructional method in which learners actively help other learners. 
Those helping, the tutors, and those who receive help, the tutees, come from the same 
social grouping (Topping, 1996). It is widely agreed that both tutors and tutees benefit 
from peer tutoring: tutors learn from helping and tutees learn from the help they re-
ceive (Falchikov, 2001; King, 1997, 1998; Topping, 1996). Peer tutoring has been widely 
applied in different educational settings. In recent years, the use of peer tutoring has 
played an increasingly present role in networked learning environments that consist of 
a large number of learners, such as massive open online courses (MOOCs). In such envi-
ronments, relying only on teaching staff to provide individual learners with guidance or 
help is often insufficient (Schultz, 2014; Schweizer, 2013). Peer tutoring can overcome 
this inadequate support. 
In recent years, our previous research has explored how to facilitate peer tutoring 
by assigning tutors based on tutee demands in various networked learning environ-
ments (De Bakker, 2010; Hsiao, Brouns, & Sloep, 2012; Van Rosmalen, 2008). We have 
explored what kind of peer learners make effective tutors. As indicated by a recent 
meta-analysis, tutor effectiveness can be attributed to either intrinsic tutor characteris-
tics or didactic tutor interventions (Leung, 2015). The effects of intrinsic tutor character-
istics (e.g., tutor gender and tutor-tutee pair composition) on tutee learning perfor-
mance have been extensively examined by various peer tutoring studies (Leung, 2015; 
Robinson, Schofield, & Steers-Wentzell, 2005; Topping & Whiteley, 1993; Underwood, 
Underwood, & Wood, 2000). Our study rather focuses on how to design didactic tutor 
interventions to make peer tutoring more effective. In addition, aligned with Leung’s 
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suggestion that shorter training sessions are more effective (2015), we examined the 
effects of a short tutor intervention on tutee learning. 
By their nature, peer tutors are rarely experts in domain specific content knowledge 
or pedagogical tutoring skills (King, 1997, 1998; King et al., 1998). Providing them with 
support to become more effective tutors is therefore necessary. Examples of this kind 
of support include the provision of information to enhance content knowledge 
(O'Donnell & Dansereau, 2000; Van Rosmalen et al., 2008a; Van Rosmalen et al., 2008b) 
or the provision of interaction structures to enhance tutoring skills (King, 1994, 1997, 
2007).  
But which type of support is best for peer tutors to act more effectively? The answer 
depends on the type of tutoring task. When helping tutees with rote learning tasks, 
such as learning factual materials, the major tutoring task is knowledge telling: provid-
ing information requested by the tutee. However, when helping tutees with complex 
learning tasks, such as problem solving, tutors have to help tutees process the task by 
considering the relationships between facts and concepts. Therefore, to help a tutee 
with his/her task, peer tutors should try to meet a tutee’s task demands and tutors 
should be supported doing this.  
Peer tutoring studies, however, have paid little attention to the relationship be-
tween the type of tutoring and the type of support. In keeping with the recent shift of 
focus in peer tutoring from rote learning towards complex learning (Falchikov, 2001; 
King, 1997, 1998), the aim of this study is to find out what kind of tutor support makes 
tutoring most effective for tutee complex learning.  
In the following sections, we will discuss findings from peer tutoring studies that 
have investigated effects of enhancing tutors’ content knowledge and tutoring skills.  
Enhancing tutors’ content knowledge  
Enhancing peer tutors’ content knowledge focuses on the what: whether tutors can 
retrieve relevant information in a particular domain that helps a tutee complete their 
task (Chi, Siler, & Jeong, 2004). The rationale for focusing on tutors’ content knowledge 
is based on the traditional view that you can only help someone else to learn if you 
yourself are more knowledgeable (King, 1998). Several peer tutoring studies suggest 
that peer tutors need a higher level of content knowledge to perform tutoring tasks, 
such as providing appropriate content-related explanations (Chi et al., 2004; Lambiotte 
& Dansereau, 1992; O'Donnell & Dansereau, 2000; Rewey, Dansereau, Dees, Skaggs, & 
Pitre, 1992). In cognitive load terms, tutors with content knowledge share tutee cogni-
tive load by providing information that is essential for tutees to perform higher thinking 
skills. 
The effects of enhancing peer tutors’ content knowledge were mostly investigated 
in studies in which learners tutored each other in dyads (Lambiotte & Dansereau, 1992; 
O'Donnell & Dansereau, 2000; Rewey et al., 1992). However, after a careful examina-
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tion of the focus, treatments, and measurements of these studies, it is difficult to ascer-
tain whether the increased tutor content knowledge actually results in more effective 
tutee performance on complex tasks. First, although these studies enhanced tutors’ 
content knowledge, they focused on comparing the effects of various representational 
formats on information retrieval, rather than on comparing the effects of enhancing 
content knowledge between one group with support treatment and one group with no 
treatment. Second, while these studies focused on content knowledge, tutors were also 
invariably trained in tutoring skills. Enhanced tutoring skills offer an alternative explana-
tion for increases in learning performance. Third, these studies only measured partici-
pants’ recall performance on subject ideas, not their performance on complex learning 
tasks that require higher order thinking skills. Our study, in contrast, considers perfor-
mance on complex learning tasks. 
In previous research, Van Rosmalen et al. (2008a; 2008b) examined the effects of 
providing tutors with documents containing content knowledge that is relevant to tutee 
questions. The tutee evaluations showed that providing such documents helped tutors 
to provide satisfactory answers to tutee questions. Unfortunately, the effects of this 
kind of tutor help on tutee learning performance were not investigated in Van 
Rosmalen et al.’s research.  
Though all studies mentioned so far were related to supporting the increase of con-
tent knowledge, none were controlled studies that examined the effects of enhancing 
tutors’ content knowledge on tutee learning performance on complex tasks.  
Enhancing tutors’ tutoring skills 
Enhancing peer tutors’ tutoring skills centers on the how: whether tutors can apply 
certain task-processing and pedagogical skills to help tutees with their task (Falchikov, 
2001; King, 2007; McLuckie & Topping, 2004). These tutoring skills include both proce-
dural skills of processing a specific task and general pedagogical skills, such as giving 
explanations, asking questions, and providing feedback. Such tutoring skills allow tutors 
to guide tutees to deal with task demands by sharing the cognitive load with the tutee.  
The effects of enhancing tutors’ tutoring skills were mostly investigated in studies in 
which interaction structures specified how tutors should help tutees with their task. 
Such studies typically use: i) a prescribed procedure to guide tutors in processing the 
tutee task, or ii) a predesigned interaction dialogue to prompt tutors to elicit intentional 
information or responses from the tutee as they process the task (King, 1991, 1997, 
1998, 2007; O'Donnell, 1999). The studies that applied interaction structures did so to 
ensure that tutors would carry out particular task-processing steps and conduct specific 
interaction dialogues (Fuchs, Fuchs, Bentz, Phillips, & Hamlett, 1994; King, 1991, 1994; 
King et al., 1998; Nath & Ross, 2001). Some of these studies indicated that learners who 
received support in tutoring skills showed a better learning performance (King, 1991, 
1994; King et al., 1998). This was borne out by diverse tests that measured learners’ 
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problem solving skills (King, 1991), comprehension, and knowledge construction (i.e., 
making inferences and integrating materials) (King, 1994; King et al., 1998). These find-
ings therefore support the notion that enhancing tutoring skills contributes to complex 
learning performance. However, all these studies applied reciprocal peer tutoring, that 
is, each learner took turns as tutor and tutee. Moreover, the performance results were 
incurred by both tutor and tutee. Since all learners were trained in tutoring skills, the 
training might have directly benefited a learners’ performance rather than via the tutor.  
Aim of the present study: Content knowledge versus tutoring skills 
To sum up the evidence so far, there is currently no reliable evidence regarding the 
effects of enhancing tutors’ content knowledge or tutoring skills on tutee learning, even 
though the literature widely agrees that supporting peer tutors is beneficial. The main 
research question of the present study is to find out which type of tutor support - en-
hancing content knowledge or tutoring skills – affects tutee performance on complex 
learning tasks. Tutee performance refers to both learning performance and efficiency 
(i.e., a combination of cognitive load and performance). The tutees’ subjective evalua-
tion of the tutor help will be investigated as well.  
Cognitive load and efficiency measures  
Complex tasks make substantial demands on a tutee’s limited working memory capaci-
ty. It thus makes sense to use cognitive load as a measure for the effectiveness of peer 
tutoring. Cognitive load refers to a learner’s (limited) working memory capacity that is 
allocated to performing a particular task, and is an important factor for learner perfor-
mance (Hart & Stavelend, 1988; Sweller et al., 1998). Cognitive load is measured by 
quantifying the mental cost incurred by a learner to achieve a particular level of per-
formance. The pedagogical value of cognitive load is revealed when it is combined with 
learning performance to provide a measure of efficiency. Efficiency, in turn, may be 
used to evaluate instructional methods (Beckmann, 2010; Sweller et al., 1998). 
Cognitive load has been explored in recent studies of collaborative learning. A key 
idea is that a group of collaborative learners could share the cognitive demands they 
incur from complex tasks, thus lowering each individual’s load (Kirschner, 2009; 
Kirschner et al., 2009b). This load reduction was confirmed by examining the mental 
costs of learning to achieve a certain level of task performance (Van Gog & Paas, 2008). 
In line with this idea, we set out to investigate whether tutors with enhanced content 
knowledge or enhanced tutoring skills could better share tutee cognitive load imposed 
by complex tasks and thus make tutee learning more efficient. Therefore, the effective-
ness investigated in this study not only refers to the effects of peer tutoring on tutee 
learning performance per se, but also to the efficiency of peer tutoring. That is, we con-
sider how peer tutoring results in better tutee performance with lower cognitive load. 
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METHOD 
Our experiment compared the effects of supporting peer tutors’ content knowledge 
versus supporting their tutoring skills on tutee learning. Tutees were assigned one com-
plex task: they were asked to write a compare-and-contrast essay. The experiment 
followed a between-subjects design with types of peer tutor support as the independ-
ent variable. 
Settings and participants  
The experiment took place on a special activity day organized by a secondary school. 
The participants were recruited from 94 volunteering students distributed over four 
classes in their fourth year (16-17 years old) of secondary education in one Dutch 
school. Prior to the experiment, two classes were randomly assigned to the content 
knowledge (CK) treatment and two to the tutoring skills (TS) treatment. Students in the 
CK treatment group were called CK tutors and CK tutees, student in the TS treatment 
group TS tutors and TS tutees (see Table 3.1).  
 
Table 3.1. Treatments and treatment pairs, naming conventions 
Treatment  Tutor  
(gives help to tutee) 
Tutee  
(receives help from tutor) 
Increasing content knowledge (CK) CK tutor CK tutee 
Increasing tutoring skills (TS) TS tutor TS tutor 
 
Within each class, the students were first randomly assigned the role of either tutor or 
tutee in equal numbers. Next, 47 tutor-tutee pairs were created by randomly matching 
tutors with tutees. We balanced the number of pairs with boy- and girl-tutors as well as 
the number of same-sex and mixed-sex pairs for each treatment. In doing so, we unwit-
tingly anticipated the results of a recent meta-analysis, which noted that pairs with girl-
tutors perform better than those with boy-tutors, and same-sex pairs perform better 
than mixed-sex pairs (Leung, 2015). Due to the absence of six students, only 44 pairs (49 
boys, 39 girls) actually participated in the experiment: 20 for the CK treatment and 24 
for the TS treatment. The proportion of tutor-gender and pair-composition is similar for 
CK and TS treatment (see Tables 3.2 and 3.3).  
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Table 3.2. Number of pairs (percentage) on treatments and tutor-gender 
 Tutor-gender  
Treatment  Boy-tutor Girl-tutor Total 
Increasing content knowledge (CK) 26 (65.0%) 14 (35.0%) 40 
Increasing tutoring skills (TS) 24 (50.0%) 24 (50.0%) 48 
Total 50  38 88 
 
Table 3.3. Number of pairs (percentage) on treatments and pair-composition 
 Pair-composition  
Treatment  Same-sex pairs Mixed-sex pairs Total 
Increasing content knowledge (CK) 34 (85.0%) 6 (15.0%) 40 
Increasing tutoring skills (TS) 38 (79.2%) 10 (20.8%) 48 
Total 72 16 88 
Online environment during peer tutoring  
In networked learning environments, peer interaction of online peer tutoring is mediat-
ed by Information and Communication Technology (ICT) (Topping, 2005; Topping, 
Dehkinet, Blanch, Corcelles, & Duran, 2013). Our research team used two types of ICT 
tools in diverse online peer tutoring studies. One tool was a wiki, which is a website that 
allows learners to easily edit content and show changes to one another (Trentin, 2009). 
The other tool was an online chat, which is a synchronous communication tool that 
offers ‘a sense of communicative immediacy and presence’ (Murphy & Collins, 1998, 
p.3) so that online learners can carry out focused discussions and make decisions about 
how to process the task (Siemieniuchand & Sinclair, 1994). In one of our previous stud-
ies, learners used wikis to edit the answers to content-related questions, demonstrating 
the benefit of using wikis for online peer tutoring (Van Rosmalen et al., 2008b). In an-
other study (De Bakker, Sloep, & Jochems, 2007), learners used online chats to help 
each other with content-related questions, and results indicated that this tool was ben-
eficial in processing content-related questions (De Bakker et al., 2007). In the current 
study, participants used both a wiki and online chats to complete their essays.  
A website consisting of one individualized page for each of the 44 tutor-tutee pairs 
was set up. Each page was set up as a wiki (Figure 1). A chat facility was added to the 
page. In the wiki tutees could edit the essay, and through the chat tutees and tutors 
could immediately communicate with each other on how to process the feedback. To 
avoid influences from others, each tutor-tutee pair could only access their own wiki 
page and chat. In addition, the wikis were configured to be editable by the tutees only. 
Tutors could merely view what tutees had edited by refreshing the page.  
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Figure 3.1. Wiki on each page: Original explanatory texts in Dutch only, English translations added after the 
experiment 
Instructional materials and the essay task 
The instructional materials were taken from the course Sex and Evolution, developed by 
the Open University of the Netherlands (http://www.open.ou.nl/opener/sede/SedE.htm). 
This topic was chosen to fit well with the natural science curriculum of the participants. 
Half of the material in this course was used to introduce basic knowledge prior to peer 
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tutoring. The tutee task was to write an essay regarding the main subject of this course: 
‘Compare and contrast gender differences in partner selection and behavior during 
partner relationships from the perspective of evolutionary theory’. Two sub-questions 
were added, asking the participants to elaborate four aspects of the differences be-
tween men and women: i) preferences of partner selection regarding appearances and 
personal characteristics, and ii) behavior during the relationship regarding parental 
investment and jealousy. This task can be considered complex because it requires the 
participants to think about the relationship between different facts and concepts 
(Mayer, 2002). 
Intervention: Tutoring guide  
As we discussed, peer tutors have neither extensive domain specific content knowledge 
nor pedagogical tutoring skills. The intervention in this study provided peer tutors with 
more advanced knowledge than their tutees in the content domain of Sex and Evolution 
by increasing their factual and conceptual knowledge on this topic. Tutors were made 
more advanced in the skill domain by increasing their procedural knowledge in specific 
task-process skills as well as general pedagogical skills. A tutoring guide was used to 
enhance either tutors’ content knowledge or tutoring skills. Tutors who participated in 
the CK intervention (CK tutors) were given additional course materials; tutors who par-
ticipated in the TS intervention (TS tutors) received materials on interaction structures. 
The CK and TS tutoring guides each had a length of ten A4 pages, thus ensuring a similar 
reading load.  
Additional course materials referred to the other half of the course materials in Sex 
and Evolution. They included elaborations and extra examples to explain gender differ-
ences regarding preferences of partner selection and behavior during the relationship. 
Interaction structures consisted of four-step instructions, which resembled King’s 
thought-provoking questions (King, 1991, 1997, 1998, 2007). Unlike King’s studies, in 
which participants were trained in multiple sessions to generate their own questions, 
we provided TS tutors with pre-designed questions that tutors could directly use to 
guide their tutees on processing the essay task in a short, single tutor intervention. The 
steps that the tutor had to carry out to help the tutee with the essay included: 1) make 
sure that the tutee understands the essay question; 2) ask the tutee to compare the 
gender differences for the first and second sub-question; 3) help the tutee to organize 
the essay; and 4) check the tutee’s essay. For each step, pre-designed questions were 
given so that the tutor could simply ask these questions to facilitate tutee reflection 
about gender differences for each aspect and each sub-question. In addition, an essay 
template was provided to guide the tutor in organizing the tutee’s essay.  
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Manual  
A manual detailing the essay task, tutor and tutee role tasks, and instructions for using 
the chats and wikis, was used by all of the students during peer tutoring.  
Instructions on diverse types of questions 
A document with instructions on diverse types of questions, modified from the manual 
‘Asking questions effectively’ (Veenman, 1991), was used to assist tutees with asking for 
help from their tutors during peer tutoring. The questions were categorized based on 
either the types of thinking skills (e.g., asking for knowledge, understanding and analyz-
ing), or the form of the question (e.g., open and closed questions). 
Measures 
Covariates. Two covariates were measured prior to the treatment to establish the level 
of similarity of both groups of tutees. A pre-test consisting of fourteen multiple choice 
questions was constructed to measure participants’ lower-level cognitive skills, i.e., in 
remembering and understanding the information and concepts in the course materials 
of Sex and Evolution. A Likert scale was developed to collect self-reported data on essay 
skills with six items, ranging from one (strongly disagree) to five (strongly agree): 1) I am 
good at writing; 2) I am good at writing an essay; 3) I am good at writing an essay that 
compares and contrasts different aspects; 4) I am good at making a summary; 5) I can 
help others at writing an essay; and 6) I am good at written communications. The inter-
nal consistency, Cronbach's alpha coefficient, for the six items was .59, which was on 
the low end of acceptability. According to (Traub & Rowley, 1991), the size of 
Cronbach’s alpha is strongly influenced by the time limits and test length. Thus, this 
result may have been influenced by the limited time that the school was able to make 
available, restricting the possibility of a longer pre-measurement. If the test length of 
self-reported essay skills had been doubled to 12 items, the Spearman-Brown prophecy 
formula predicts an acceptable alpha between .59 and .74. 
Scoring of Tutee essay performance. To ensure valid and consistent judgment of es-
say quality, we used a rubric with five criteria modified from ‘Comparison and Contrast 
Rubric’ (ReadWriteThink.org, 2011) and a four-point rating scale (see Appendix B): pur-
pose, supporting details, organization, structure and conventions. The maximum total 
score for each essay was 20. The first author scored all of the 44 essays and those 
scores were used for the analyses. To ensure reliability, a random subset of 22 out of 44 
tutee essays was scored by a research assistant (who was unaware of the treatments of 
this study). The Pearson correlation coefficient was calculated for the interrater reliabil-
ity on the scores of each criterion and the total scores: purpose, r = .71, supporting 
details, r = .70; organization, r = .73; structure, r = .80; conventions, r = .89; and the total 
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scores, r = .87. These correlations indicate a satisfactory level of consistency between 
the two raters.  
Tutee cognitive load of working on the essay. To measure students’ cognitive load 
(mental cost) after completing the essay, the NASA-Task Load Index (NASA-TLX) was 
used, which is the validated and most commonly used instrument for this (Hart, 2006; 
Hart & Stavelend, 1988). The NASA-TLX consists of six items that ask learners to indicate 
experienced cognitive load when performing a task: mental, physical, temporal de-
mands, frustration, effort and performance (Hart, 2006; Hart & Stavelend, 1988). All 
scales range from ‘low’ to ‘high’ and are divided into 20 sections, except for the perfor-
mance scale that ranges from ‘good’ to ‘poor’. Students had to tick one of the 20 sec-
tions that best represented their experience for each dimension. The response score 
ranges from 1 to 20, where a higher score indicates a higher level of cognitive load. To 
facilitate completion of the questionnaire, students were also given descriptions to 
accompany each item. For example, the description for mental demand states ‘How 
much mental demand and perceptual activity was required (e.g., thinking, deciding, 
calculating, remembering, looking, searching, etc.)? Was the task easy or demanding, 
simple or complex, exacting or forgiving?’ The internal consistency, Cronbach's alpha 
coefficient, for the six items was.63, which is on the low end of acceptability. Although 
the NASA-TLX is a validated instrument, its reliability can be influenced by the group 
conditions (Traub & Rowley, 1991): a homogeneous group with a narrow range of abili-
ties will result in a lower degree of reliability. As the participants of this study are in fact 
rather homogeneous on two abilities (pre-test and self-reported essay skills), this could 
have lowered the alpha value. The means and standard deviations for CK, TS and all 
tutees on each item and the total cognitive load are shown in Table 3.4. 
 
Table 3.4. Means (Standard Deviations) of six items on the NASA-TLX  
 Mental 
demands 
Physical 
demands 
Temporal 
demands 
Frustration Effort Performance Total  
cognitive  
load 
CK tutees 11.85  
(3.75) 
8.25  
(5.18) 
13.40  
(4.57) 
9.95  
(4.52) 
9.60  
(4.51) 
9.25  
(4.92) 
10.38 
(2.92) 
TS tutees 12.29 
(4.06) 
10.04 
(5.43) 
14.38  
(5.57) 
10.75  
(5.24) 
12.13  
(4.13) 
10.25  
(6.66) 
11.64 
(2.92) 
All tutees 12.09 
(3.88) 
9.23 
(5.34) 
13.93 
(5.11) 
10.39 
(4.89) 
10.98 
(4.44) 
9.80  
(5.89) 
11.07 
(2.95) 
 
Tutee evaluation of tutor help. A Likert scale consisting of seven items was developed to 
measure tutees’ evaluation of tutor help, ranging from one (strongly disagree) to five 
(strongly agree). These seven items are: 1) In general my tutor executed his/her role 
well; 2) The tutoring was useful for the completion of the essay; 3) The tutoring helped 
me learn the material better; 4) The questions from my tutor helped me when working 
on the essay; 5) My tutor asked good questions; 6) The explanation of my tutor helped 
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me complete the essay; and 7) My tutor gave good explanations. The internal con-
sistency, Cronbach's alpha coefficient, for these seven items was .94. 
Procedure 
On the day of the experiment, the students first received an overview of the day’s pro-
gram. Thereafter, to acquire basic knowledge, they were given 50 minutes to individual-
ly read the first half of the printed materials of Sex and Evolution. Immediately after 
this, the materials were collected and the students had 20 minutes to complete two 
tests: a pre-test and a Likert scale of self-reported essay skills. Subsequently, there was 
a 20-minute break.  
After the break, tutors and tutees sat in different classrooms. Both tutors and tutees 
were collectively and orally instructed on the essay task, the respective role tasks and 
how to use wikis and chats. Then the tutors had 20 minutes to read their role-specific 
tutoring guide: CK tutors read ‘additional course materials’ and TS tutors read ‘interac-
tion structures’. While the tutors were reading their tutoring guides, the tutees read 
‘instructions on diverse types of questions’. Immediately after reading the respective 
materials, all of the students received the manual and began working in peer tutoring 
pairs. All students received instructions to log into the website to access their own tu-
tor-tutee page. The tutees were instructed to write the essay (each in his or her own 
wiki) and to ask help from their tutor via chats. The tutors were deliberately instructed 
to use their tutoring guides to help their tutee by viewing their tutee’s wikis and provid-
ing feedback and support via chats. All tutor-tutee pairs had 50 minutes to complete the 
essay task. Finally, they had 15 minutes to fill in the NASA-TLX to indicate their cognitive 
load and a Likert scale to evaluate the help from their tutor. 
Treatment fidelity 
To ensure that participants took this experiment seriously, we asked their class teachers 
to explain the importance of this study to the classroom. When tutors read the tutoring 
guide, we observed that tutors appeared to concentrate their attention on the tutoring 
guide. Also, most of the returned tutoring guides were highlighted with markers. During 
the tutoring process, we constantly monitored tutors and encouraged them to follow 
the tutoring guide as they helped their tutees to work on the essay task.  
DATA ANALYSIS 
Prior to the treatment effect analyses, the data were first processed as follows. Regard-
ing the Likert scale data, the mean scores were calculated from the raw scores on the 
six items of ‘self-reported essay skills’ (one covariate), the six items of NASA-TLX (cogni-
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tive load), and seven items of tutee evaluation of tutor help (one dependent variable) 
(Boone & Boone, 2012; Hart, 2006; Hart & Stavelend, 1988). Efficiency scores were 
calculated by using Paas and Van Merriënboer’s computational approach (Paas & Van 
Merriënboer, 1993; Van Gog & Paas, 2008). Each tutee’s total essay scores on five crite-
ria and the mean scores of NASA-TLX were first transformed into standardized z-scores. 
Then the efficiency scores were computed for each tutee using the formula: 𝐸𝐸 =(𝑍𝑍𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝑍𝑍𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐶𝐶)/√2. High efficiency scores indicated a relatively high essay 
performance in combination with a relatively low cognitive load; low efficiency scores 
indicated a relatively low essay performance in combination with a relatively high cogni-
tive load. In addition, a positive efficiency score (E > 0) represents efficient learning 
whereas a negative efficiency score represents inefficient learning (E < 0) (Sweller et al., 
2011b).  
A Multivariate Analysis of Covariance Analysis (MANCOVA) was undertaken in SPSS 
using the generalized linear model (GLM) to analyze the statistical differences in raw 
essay scores of five criteria simultaneously between CK and TS tutees by accounting for 
two covariates, namely the pre-test and self-reported essay skills. The three assump-
tions underlying a MANCOVA analysis were examined: independence of covariates, 
homogeneity of regression slopes, and variance-covariance matrices (multivariate nor-
mality). The test results show that these assumptions were met. An Analysis of Covari-
ance (ANCOVA) was conducted to determine the group differences in efficiency scores. 
Upon examining the three assumptions that underlie an ANCOVA analysis (normality, 
independence of covariates, and homogeneity of regression slopes) using the Shapiro-
Wilk test, the mean scores of TS tutees’ evaluation appeared to be not normally distrib-
uted; indeed, the distribution was highly left-skewed (skewness = -1.14). Therefore a 
non-parametric Mann-Whitney test was conducted.  
For parametric tests, partial eta-squared (ηp
2) is provided as an estimate of effect 
size, with .01 corresponding to a small effect, .06 to a medium effect, and .14 to a large 
effect (Tabachnick & Fidell, 2007). 
RESULTS  
Tutee essay performance  
Table 3.5 shows the means and standard deviations of CK and TS tutees’ scores on the 
covariates as well as their essay scores on the five criteria. (Evaluations of tutor help are 
discussed below.)  
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Table 3.5. Means (Standard Deviations) of covariates and dependent variables  
 Treatments 
 CK TS 
Covariates   
    Pre-test (1-10) 3.50 (1.03) 3.60 (1.18) 
    Self-reported essay skills (1-5) 3.26 (.47) 3.30 (.43) 
Dependent variables    
    Essay scores on five criteria   
         Purpose (1-4) 1.78 (.73) 3.23 (.83) 
  Supporting details (1-4) 3.05 (.78) 3.60 (.51) 
  Organization (1-4) 1.95 (.69) 3.33 (.92) 
  Structure (1-4) 1.60 (.60) 2.67 (.96) 
  Conventions (1-4) 3.15 (1.23) 3.63 (.92) 
    Efficiency scores -.64 (.59) .09 (.97) 
        Essay total scores (1-20) 11.53 (1.94) 16.46 (2.88) 
        Cognitive load (1-20) 10.38 (2.92) 11.64 (2.92) 
    Tutee evaluation of tutor help (1-5) 3.83 (1.21) 3.63 (1.21) 
 
A MANCOVA test was conducted, including the treatment (CK versus TS), the covariates 
(pre-test and self-reported essay skills), and the dependent variable of essay scores on 
the five criteria. The effect of each factor is presented in Table 3.6. Combined covariate 
variables account for 32% variability in the essay scores on the five criteria. There was a 
highly significant multivariate effect across CK and TS tutees for the combined essay 
scores on the five criteria. The effect size of partial ηp
2 showed that the type of support 
that tutees received contributed to 59% of the variability.  
 
Table 3.6. Multivariate and univariate tests for tutee essay scores on five criteria 
Multivariate tests      
Effect Value F Hypothesis df Error df Sig. Partial ηp
2 
Intercept .84 1.33 5 36 .27 .16 
Pre-test .91 .76 5 36 .59 .10 
Essay skills .78 2.01 5 36 .10 .22 
Treatment .41 10.21 5 36 .00 .59 
Univariate tests      
 Purpose Supporting details Organization Structure Conventions 
F (1,42) 35.69 8.49 31.03 17.58 1.89 
p value < .001 .01 < .001 < .001 .18 
partial ηp
2 .47 .18 .44 .31 .05 
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The MANCOVA was followed up with both univariate and discriminant analysis (Field, 
2013). The test results of the separate univariate ANCOVAs revealed significant treat-
ment effects on the criteria of purpose, supporting details, organization and structure. 
That is, TS tutees performed significantly better than CK tutees on each of these four 
criteria. No significant difference was found in conventions between CK and TS tutees. 
The discriminant function explained 100% of the variances, canonical R2= 57.76%. So 
the discriminant function significantly differentiated the treatment groups, Wilks Λ = 
.43, χ2(5) = 33.63, p < .001. The correlations between the essay scores of the five criteria 
and the discriminant function revealed that the essay scores on purpose (r = .81), sup-
porting details (r = .74), organization (r = .57) and structure (r = .38) loaded highly while 
the convention (r = .20) loaded lowly onto the function. These results indicate that the 
essay scores on purpose and supporting details contribute most to discriminating the 
treatment effects between CK and TS tutees. 
Tutee efficiency  
The means and standard deviations of CK and TS tutees’ efficiency scores (calculated 
based on z-scores of essay total scores and cognitive load), essay total scores, and cog-
nitive load (calculated based on the mean scores of six items) are also shown in Table 
3.5. The negative mean of CK tutees’ efficiency scores indicated inefficient learning, 
whereas the positive mean of TS tutees’ efficiency scores indicated efficient learning.  
The three assumptions underlying an ANCOVA analysis were first examined: normal-
ity, independence of covariates, and homogeneity of regression slopes. The test results 
show that these assumptions were met. A one-way ANCOVA revealed significant differ-
ences between the CK and TS tutees’ efficiency scores after controlling for the effect of 
pre-test and self-reported essay skills, F(1, 40) = 9.30, p = .004, partial ηp
2 = .19. This 
analysis indicated that TS tutees worked more efficiently on writing the essay than CK 
tutees. 
Tutee evaluation of tutor help 
The means of the seven items in tutee evaluation of tutor help were used for analysis. 
The means and standard deviations of CK and TS tutees’ mean scores in their evaluation 
of tutor help are also shown in Table 3.5. Because the mean scores of TS tutees’ evalua-
tion were not normally distributed - they were highly left-skewed (skewness = -1.14) - a 
non-parametric Mann-Whitney test was performed to examine the group differences. 
The results showed that CK tutees did not differ significantly in their evaluation of tutor 
help from TS tutees, U = 239.00, z = -.02, ns. 
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CONCLUSIONS AND DISCUSSION 
The aim of this study was to find out which kind of short tutor intervention is more 
effective for tutoring on a complex learning task: tutoring with improved content 
knowledge or tutoring with improved tutoring skills. After controlling for tutees’ own 
prior knowledge and essay writing skills, our findings show that i) tutees helped by TS 
tutors performed better on essays than those helped by CK tutors, and that ii) tutees 
helped by TS tutors worked more efficiently than those helped by CK tutors. TS tutors not 
only helped their tutees structure and organize the essay to answer the essay question 
thoroughly; they also guided their tutees to use existing knowledge to provide support-
ing details. However, no difference was found between CK and TS groups in their evalu-
ation of the tutors’ help.  
Though tutors with improved content knowledge (CK tutors) could provide infor-
mation by using additional course materials, they were not able to help their CK tutees 
process the complex task by helping them connect facts and concepts. Establishing 
these connections is considered necessary for completing complex tasks. The CK tutees 
had to first figure out how to think on their own, and this made them less effective and 
efficient than TS tutees. In contrast, tutees helped by tutors with improved tutoring 
skills (TS tutees) processed the essay task by following a series of questions asked by TS 
tutors. These questions were aimed at checking tutees’ understanding of the essay 
questions, and stimulated tutees to consider relationships between different pieces of 
information and to organize answers within the structure of an essay. Though TS tutors 
could not provide any additional information (they had none), their questions guided TS 
tutees’ thinking towards using existing knowledge. Since TS tutees could simply com-
plete the essay by organizing their thoughts, they worked more effectively and more 
efficiently than CK tutees.  
It is somewhat surprising that the cognitive benefits that TS tutors conferred on 
their tutees did not result in TS tutors receiving better evaluations than CK tutors. These 
findings deviate from the evaluation results found in King’s study, which had similar 
treatments (1998). However, CK tutees had no way to compare their level of satisfac-
tion with that of TS tutees. It is possible that they were content with the help they re-
ceived simply because they were unaware of the possibility of receiving better help. 
Furthermore, the reported level of satisfaction may also be influenced by the way we 
asked TS tutors to carry out their tutoring task: TS tutors had to ask a series of questions 
and this may have caused them to communicate in a more directive way. Their directive 
communication, then, may explain why TS tutees did not value their tutor help as much 
as was found in other studies, where tutor-tutee communication was mutual and tutees 
had a means of comparing treatments. In addition, while tutors were reading the tutor-
ing guide, tutees had to read ‘instructions of diverse types of questions’. Tutees may 
have expected to have to ask questions to get tutor help. However, since TS tutors were 
instructed to ask pre-designed questions, they may not have paid attention to tutee 
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questions, leaving at least some TS tutees very unsatisfied (remember that the scores 
indicating tutee satisfaction were highly skewed) with their tutor help. 
Although we have demonstrated that improving tutors’ tutoring skills results in bet-
ter tutee learning than improving tutors’ content knowledge, some caution is in order 
because of the following two limitations of our study. First, we did not measure the 
actual attainment of content knowledge and tutoring skills after tutors read their re-
spective tutoring guide. Second, without a control group, we could only examine the 
relative effects between CK and TS groups. To better gauge any absolute effects of 
supporting peer tutors, one should include a control group, in which peer tutors do not 
receive any support at all with their tutoring tasks.  
There are several issues to be explored in future research. First, since we focused on 
quantitative analyses only, the contents of the tutor-tutee chats that took place when 
tutors used the tutoring guide to help their tutee with the essay task, were not ana-
lyzed. For example, although tutors were deliberately instructed to use the tutoring 
guide, we do not know how it was used during the tutoring process. Carrying out such 
analyses would provide a better understanding of the tutoring process.  
Second, this study focused on tutee learning; tutor learning was not investigated. As 
found in tutor learning studies, untrained peer tutors also benefit from the tutoring 
process via explaining and responding to tutee questions in a non-reciprocal tutoring 
setting (Roscoe, 2014; Roscoe & Chi, 2008). It will be interesting to explore whether 
peer tutors can use the content knowledge or tutoring skills acquired by them to en-
hance their own learning on the same substantive topic.  
The third issue concerns the way we supported peer tutors. A tutoring guide with 
written instructions was chosen to guide peer tutors to perform their tutoring tasks. 
Though using a tutoring guide is a common practice in school settings (Rosner, 1996), it 
would be also interesting to investigate the effects of training peer tutors, as is suggest-
ed in many tutoring studies (Falchikov, 2001; Fuchs et al., 1994; King, 1997, 2002; Nath 
& Ross, 2001). Since training involves more instructional interventions than asking tu-
tors to read written instructions, one would expect that trained tutors would produce 
even better tutee learning than was achieved in our experiment. As we already indicat-
ed, tutors in this study simply used the tutoring guide to perform their tutoring tasks 
and we have no way of knowing that they actually internalized the content knowledge 
or tutoring skills. Thus, it would be also interesting to see how peer tutors actually apply 
trained content knowledge or tutoring skills to help tutees and enhance their own 
learning. 
Fourth, though the use of ICT was not the main focus of this study, simultaneous use 
of wikis and chats may have influenced the cognitive load participants experienced: i) 
when tutees used wikis to edit the essay, and ii) when tutors and tutees used chats to 
communicate with each other. In future designs of online peer tutoring environments, it 
would be valuable to examine how learners experience cognitive load when using di-
verse ICT tools at the same time. 
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With the increasing application of peer tutoring in networked learning environ-
ments, the present study provides welcome information on how to design peer tutoring 
settings and how to train learners to help each other. The finding that tutees benefit 
more from TS tutor help than from CK tutor help has important implications for the 
arrangement of peer tutoring, especially when peer tutoring is applied on learning 
complex tasks. The view that guiding another learner how to think is more essential for 
effective and efficient peer tutoring than telling another what to think has already been 
expressed in the reviews of peer tutoring studies by Topping (1996) and King et al. 
(King, 1997, 1998). This study empirically substantiates this view.  
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Chapter 4 
Effects of training peer tutors in content 
knowledge versus tutoring skills on giving 
feedback to help tutees’ complex tasks 
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Continuing our focus on germane processes from the previous chapter, we now further 
examine the effects of two types of tutor support through training, which involves more 
instructional interventions than self-study tutoring guides. Tutors were either trained in 
formulating research questions (to enhance content knowledge) or formulating feedback 
(to enhance tutoring skills). 
 In Chapter 3, peer tutors directly helped the tutee with their tasks through synchro-
nous text chats. In this chapter, we explore another common knowledge sharing activity 
in Learning Networks: peer feedback. Peer tutors used asynchronous written feedback to 
help with tutee research questions and tutees used tutor feedback to revise their re-
search questions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is based on 
Hsiao, Y. P. (Amy), Brouns, F., Van Bruggen, J., Sloep, P. B. (2015). Effects of training 
peer tutors in content knowledge versus tutoring skills on giving feedback to help tu-
tees’ complex tasks. Educational Studies. doi:10.1080/03055698.2015.1062079 
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ABSTRACT 
This study aimed to investigate the effectiveness of training tutors in content 
knowledge of a particular domain versus training them in tutoring skills of pedagogical 
knowledge when tutoring on a complex tutee task. Forty-seven tutor–tutee pairs of 
fourth-year secondary school students were created and assigned to one of the two 
treatments. Twenty-two tutors received training in content knowledge and the other 
twenty-five tutors in tutoring skills. Tutors formulated written feedback immediately 
after the training. Tutees first interpreted the tutor feedback and then used it to revise 
their research questions. The results showed that tutors trained in tutoring skills formu-
lated more effective feedback than tutors trained in content knowledge. In addition, 
tutees helped by tutoring-skills tutors found the feedback more motivating than those 
helped by content-knowledge tutors. However, no differences were found in tutee 
performance on revision. The findings are discussed in terms of the set-up of this study 
and implications for improving the effectiveness of peer tutoring. 
INTRODUCTION 
Peer tutoring is an instructional method with “people from similar social groupings who 
are not professional teachers helping each other to learn and learning themselves by 
teaching” (Topping, 1996, p.322). There is widespread agreement that peer tutoring is 
an effective method that benefits both tutors and tutees: on the one hand, tutors bene-
fit from tutoring (learning twice), and on the other hand, tutees benefit from their tu-
tor’s help (Falchikov, 2001; King, 1997; Topping, 1996, p.322). Whether tutees benefit 
from their tutor may be influenced by several aspects, two of which are the type of 
tutee task and the kind of help the tutor provides. These two aspects are actually inter-
woven. For rote learning tasks that emphasize remembering, peer tutoring may not be 
effective, because tutees might not need tutor help to accomplish the task. Even when 
peer tutoring is applied, the tutoring task is mainly to retrieve content knowledge in a 
particular domain and then transmit it to the tutee. Therefore, recent development on 
peer tutoring has shifted focus from rote learning towards complex learning (Falchikov, 
2001; King, 1997, 1998). 
For complex tasks that emphasize higher order cognitive skills, tutees need to first 
understand how the facts and concepts relate with each other and then use that 
knowledge to find solutions. When working on complex tasks, it is likely that tutees 
need tutor help. To help tutees deal with complex tasks, peer tutors need to perform 
more advanced tutoring tasks than merely retrieving and transmitting knowledge. Ex-
amples of these include giving appropriate feedback for tutee responses, providing 
explanations for incorrect responses and motivating tutees to maintain the level of 
effort needed to complete the task. Such tutoring tasks require tutors to apply not only 
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the content knowledge to a particular domain, but also the pedagogical knowledge in 
tutoring skills (i.e., teaching techniques) (Falchikov, 2001; Lepper & Woolverton, 2002). 
Based on the hierarchical model of cognitive skills, performing higher order cognitive 
skills (e.g., applying) pre-supposes having acquired lower order cognitive skills (e.g., 
remembering and understanding)(Anderson & Krathwohl, 2001).  
However, for most settings in which peer tutoring takes place, students who act as 
peer tutors are often each other’s equals and they have neither sufficient content 
knowledge in a particular domain nor pedagogical knowledge of tutoring skills (Chi et 
al., 2004; King, 1998). When peer tutoring is applied to complex tasks, tutors without 
sufficient content knowledge or tutoring skills cannot successfully perform their tutor-
ing tasks and tutees cannot benefit from the tutoring process. In turn, this will negative-
ly impact the effectiveness of peer tutoring. Thus, to prevent this impact it is necessary 
to support peer tutors with lower cognitive skills (e.g., remembering and understand-
ing) which they need to perform higher cognitive skills (e.g., applying) required by com-
plex tasks.  
Many tutoring studies suggest training students prior to performing their tutoring 
tasks (Falchikov, 1995, 2001; Jenkins & Jenkins, 1987; King, 1991, 1994; King et al., 
1998; Nath & Ross, 2001; Topping, 1996). Though the effects of some training programs 
have been studied (Fuchs et al., 1994; King, 1991, 1994; King et al., 1998; Nath & Ross, 
2001), little attention has been paid to the relationship between the type of tutoring 
tasks most suited to the tutee task and the type of tutor training. In particular, we won-
der which type of training can help peer tutors perform their tutoring tasks more effec-
tively and which tutees can benefit more from tutor help when working on complex 
tasks. Since none of the tutoring studies directly compared the effectiveness of training 
peer tutors in content knowledge versus tutoring skills, inferences can only be made 
over separate studies that investigated the effectiveness of either tutors with content 
knowledge or tutors with tutoring skills in different contexts. The studies we found have 
either examined the effects of tutors with existing content knowledge or of tutors’ tu-
toring skills enhanced through prior training programs on tutee performance.  
A number of tutoring studies regarded staff tutors or senior student tutors as con-
tent experts. They investigated the tutoring process for tutees who worked on complex 
tasks such as discussing solutions to a complex problem. Two studies found that tutees 
who learned with such content experts (i.e., staff tutors) performed significantly better 
on knowledge tests than those who learned with non-content experts (Davis, Nairn, 
Paine, Anderson, & Oh, 1992; Schmidt, Van der Arend, Moust, Kokx, & Boon, 1993). In 
contrast, two other studies found that tutees tutored by non-content experts (i.e., stu-
dent tutors), performed equally well on a knowledge test as those tutored by content 
experts (i.e., staff tutors) (De Grave, De Volder, Gijselaers, & Damoiseaux, 1990; Moust 
& Schmidt, 1994). In addition, no difference was found in performance on a knowledge 
test between tutees supported by senior student tutors differing in knowledge levels 
(De Grave et al., 1990). 
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So, can tutors with content knowledge effectively help tutee learning on complex 
tasks? There is no unequivocal answer to this question. First, in the reported studies, 
tutors also possessed tutoring skills either because the studies used staff tutors or be-
cause tutors received a training that focused on tutoring skills. Therefore, the better 
tutee learning performance may have resulted from the combination of both tutors’ 
content knowledge and tutoring skills. Second, although the studies mentioned above 
applied tutoring for complex tasks, they assessed knowledge acquisition only. Altogeth-
er these studies show that it is difficult to measure the effect of content knowledge on 
learning performance in isolation. Does a similar conclusion hold for attempts to meas-
ure the effects of tutoring skills?  
Unlike studies of content knowledge, in which staff and senior students acted as tu-
tors, tutoring skills were mostly investigated in situations in which true peers, who are 
each other’s equal, act as both tutors and tutees to perform reciprocal peer tutoring. 
These studies have focused on giving a training in advance to make sure that students 
would demonstrate enough tutoring skills to elicit desirable social interactions and to 
trigger cognitive processes that contribute to learning (Fuchs et al., 1994; King, 1991, 
1994; King et al., 1998; Nath & Ross, 2001). The reciprocal feature of these studies 
meant that training was given to all students, who acted both as tutee and as tutor, 
interchangeably. 
These studies looked at the effect of training on tutoring behavior and analyzed the 
interaction discourse recorded from the tutoring process. They showed that after the 
training, students demonstrated tutoring skills such as asking different types of ques-
tions (Fuchs et al., 1994; King, 1991, 1994; King et al., 1998), giving more elaborated 
explanations (King, 1991), as well as demonstrating cooperative and communication 
skills (Nath & Ross, 2001). Some of these studies have shown that students who re-
ceived training in tutoring skills on higher cognitive processing (i.e., asking thought-
provoking questions) outperformed those who received training on knowledge telling or 
those who did not receive any training of tutoring skills at all (King, 1991, 1994; King et 
al., 1998). This was borne out by diverse tests that measured learners’ problem solving 
skills (King, 1991), comprehension and knowledge construction (i.e., making inferences 
and integrating materials) (King, 1994; King et al., 1998).  
Based on these findings, it seems justified to conclude that tutoring skills are likely 
to facilitate the tutoring process, but the reciprocal nature of these studies makes it 
difficult to conclude so unequivocally. All students of these studies have acted as both 
tutor and tutee and this required multiple tasks (i.e., everyone should work on at least 
two tasks to take on both the role of tutor and tutee). Working on multiple tasks may 
have introduced practice effects. Moreover, since all students received training in tutor-
ing skills, this might already have resulted in additional cognitive benefits to students’ 
own learning (e.g., they could ask themselves thought-provoking questions). Therefore, 
in addition to tutors’ tutoring skills, both practices and additional cognitive benefits 
might have contributed to learning performance. 
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To summarize, the effects of tutors’ content knowledge or training skills on the per-
formance of complex tutee tasks are as yet inconclusive. Moreover, as discussed, there 
have been no earlier studies directly comparing the effectiveness of tutors trained in 
content knowledge to tutors trained in tutoring skills. To fill in this gap, the main re-
search question of this study is which type of training will make peer tutors perform 
more effective tutoring tasks on a complex task. We will investigate this question in the 
domain of formulating research questions. The training focuses on one type of tutoring 
task: giving feedback. To find out which tutees can benefit more from tutor help, we 
first examine tutor feedback performance to determine which type of training results in 
more effective tutor feedback. Since effectiveness of peer tutoring also depends on 
whether tutees benefit from tutor help (Topping, 1996), we then study tutee perfor-
mance on research questions to determine which type of tutor’s feedback is more ef-
fective on helping tutees to revise research questions. In addition, whether tutees at-
tend to feedback (Nelson & Schunn, 2009; Strijbos, Narciss, & Dünnebier, 2010) and 
whether tutor feedback has stimulated tutees to maintain the needed level of effort to 
revise (Narciss, 2008; Narciss & Huth, 2006) are important determinants of tutee perfor-
mance on research questions. Thus, we also check tutee interpretations of tutor feedback 
prior to revising research questions and their motivation to revise after revision. 
METHOD 
Design 
This study followed a between-subjects design with types of training as the independ-
ent variable: tutors with content knowledge (CK tutors) trained in domain-specific 
knowledge of formulating research questions, whereas tutors with tutoring skills (TS 
tutors) trained in pedagogical knowledge of giving feedback. To verify the relative ef-
fects of tutors’ content knowledge versus tutoring skills, this study is to avoid three 
weaknesses found in the literature. First, to avoid mixing effects (i.e., from a combina-
tion of content knowledge and tutoring skills), either tutors’ content knowledge or 
training skills were trained before peer tutoring started, but not both. Second, to avoid 
ambiguous effects from reciprocity, students in this study took on the fixed role of be-
ing either a tutor or a tutee; we trained tutors only. And third, instead of measuring 
knowledge acquisition, we focused on tutee performance on the task of formulating 
research questions, which is considered a highly complex task for secondary school 
students (Van der Schee, 2001).  
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Participants and settings 
Participants were students in the fourth year of secondary education in one Dutch 
school: 118 students had been asked to participate, but due to an unforeseen extra-
curricular event on the experimental days, only 94 students actually participated (43 
boys, 51 girls). Each of the 94 participants was randomly given the role of either tutor or 
tutee. Forty-seven tutor-tutee pairs were created based on random match, and then, 
each pair is randomly assigned to the treatment: 22 for the CK and 25 for the TS tutor-
ing treatment. Participants who received help from CK tutors are called CK tutees, 
whereas those who received help from TS tutors are called TS tutees. This study was a 
compulsory activity of their Natural Sciences trajectory emphasizing training in research 
skills. Prior to this study, all participants received one lesson taught by their teachers: 
formulating research questions in four steps. Each tutee had formulated a set of draft 
research question consisting of main and sub-questions, an example of which is shown 
in Table 4.1.  
 
Table 4.1. An example of tutee draft research question 
Theme Biosphere, sea level rise  
Main-question  Would the temperature drop by the melting of the ice caps, because a shorter trade 
route is created which reduces CO2 emissions? 
Sub-question 1  How long does it take for the caps to melt enough so that a new trade route through 
the poles can emerge? 
Sub-question 2  Is the trade route so much shorter and faster so that the pollution on earth drops? 
Materials 
Tutor training materials 
The training materials that enhanced tutors’ content knowledge started with a short 
recap of the four steps of how to formulate a research question: orientation, limiting 
scope, formulating and checking against criteria. Particular attention was paid to how a 
good research question should be formulated based on general SMART criteria (i.e., 
specific, measurable, attainable, relevant and time-bound) as well as to specific criteria 
for research questions regarding content, structure and consistency among main and 
sub-questions. Each criterion was elaborated in definitions with good and bad examples.  
The training materials that enhanced tutors’ tutoring skills started with two short 
videos about giving and receiving feedback1 and how to give effective feedback2. Par-
ticular attention was paid to how to formulate feedback in three steps: first indicates 
what has been done well, followed by what needs to be improved and finally concluded 
                                                                
1 http://www.youtube.com/watch?v=d_Tsq7qvgW0 
2 http://www.youtube.com/watch?feature=player_embedded&v=H2eap4_TZMo  
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with general positive comments. Each step was elaborated in rules of thumbs with good 
and bad examples.  
Tutee task and tutee interpretations of tutor feedback  
The tutee task was to use tutor feedback to improve their draft research questions. 
Since feedback left unattended cannot be effective, we introduced an intermediate step 
prior to tutees’ revising research questions to raise a mindful reception of tutor feed-
back, (Nelson & Schunn, 2009; Strijbos et al., 2010). Tutees had to interpret tutor feed-
back by answering three open questions: i) Which feedback aspects do you find difficult 
to understand? ii) Which feedback aspects are you uncertain about? and iii) Which 
aspects do you still need your tutor to give you further feedback on?  
Tutee motivation to revise 
A Likert scale with eight items ranging from one (strongly disagree) to five (strongly 
agree) was designed to measure tutees’ motivation to revise their research question 
based on tutor feedback (see Table 4.5). 
Pre-measures 
A prior knowledge test consisting of fifteen multiple-choice questions was administered 
to measure students’ existing knowledge in formulating research questions. Because 
students’ general tutoring skills and specific feedback skills might also influence the 
effects of the treatments, two Likert scales ranging from one (strongly disagree) to five 
(strongly agree) were used to collect self-reported data on feedback skills with six items 
(e.g., “I do not have difficulties to assess others’ performance.”) and on tutoring skills 
with fifteen items (e.g., “I first make sure that the other person understands the as-
signment.”). 
Procedure 
This study took place in the course of three Tuesdays spread over a period of three 
weeks. On the first Tuesday, participants received an introduction and took pre-
measures: a prior knowledge test and two Likert scales on feedback skills and tutoring 
skills. On the second Tuesday, students who were to become tutors received a 70-
minute training given by the two prime investigators of this study. Training was given to 
enhance either tutors’ content knowledge or their tutoring skills. Immediately following 
the training, CK and TS tutors received their anonymised tutee’s research questions 
together with the instruction on how to “Formulate feedback to help your tutee to 
improve his/her research questions.” Tutors had 30 minutes to write feedback, being 
allowed to consult the training materials. On the third Tuesday, tutees received their 
anonymised tutor’s feedback. Tutees first had to take 20 minutes to understand and 
interpret their tutor feedback by answering three open questions regarding difficult and 
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uncertain feedback aspects, as well as aspects that needed further feedback. After 
answering these three questions, they had 40 minutes to revise the draft research 
question based on their tutor feedback. Finally, tutees had five minutes to fill in the 
Likert scale about their motivation to revise research questions.  
Scoring  
Tutor performance on giving feedback 
We selected a random subset of 14 out of 47 tutor feedback items, which was inde-
pendently scored by two researchers (the first author and a colleague who was una-
ware of the treatments of this study). A three-point scoring rubric was used to assist in a 
reliable assessment of performance, based on a selection of five general criteria for 
effective feedback used in other feedback studies (Narciss, 2008; Nelson & Schunn, 
2009; Strijbos et al., 2010): coverage, identifications of problems, explanations for the 
problems identified, suggestions, and affective language (see Appendix C). The maxi-
mum total score for tutor feedback performance was 15. The Pearson correlation coef-
ficient was calculated for the interrater reliability on the scores of each criterion and the 
total scores: coverage, r = 1.00, p < .01; identifications of problems, r = .55, p = .04; 
explanations for the problems identified, r = .64, p = .01; suggestions, r = .67, p = .01; 
affective language, r = .97, p < .01; and the total scores, r = .90, p < .01. For the purpose 
of this research, these correlations indicated a satisfactory level of consistence between 
two researchers in ranking tutor feedback based on each criterion and total scores. One 
researcher scored all of the 47 tutor feedback and those scores were used for the anal-
yses. 
Tutee performance on research questions 
We selected a random subset of 14 out of 47 research questions, which was inde-
pendently scored by two researchers (the third author and a colleague) based on an 
overall impression of the quality. Both of them were unaware of the treatments of this 
study. The maximum score for each research question was 20. Pearson correlation 
coefficient was calculated for the interrater reliability of the research question scores, r 
= .73, p < .01. For the purpose of this research, this indicated a satisfactory level of con-
sistence between two researchers in ranking the quality of tutee research questions. 
One researcher scored all of the 47 research questions and these scores were used for 
the analyses. 
Analyses  
Different statistical tests were applied to analyze each dependent variable depending 
on the type of data, design, and whether assumptions for the test could be met. A sig-
nificance level of .05 was used for all analyses.  
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RESULTS  
Tutor feedback performance 
Tests of normality revealed that tutor feedback score on each criterion and the total 
score were not normally distributed for both groups. Thus, the Mann-Whitney tests 
were used to compare mean ranks of CK and TS tutors’ scores on the five criteria of 
effective feedback and the total scores. Table 4.2 shows the medians and ranges of CK 
and TS tutors’ feedback scores. The test result on the total scores of feedback indicated 
that TS tutors gave more effective feedback than CK tutors. The effect size (r) estimate 
indicates that tutor training had a large (> .50) effect on the overall effectiveness of 
tutor feedback. As for test results on individual criteria, TS tutors provided more appro-
priate explanations to the problems identified, gave more suggestions to improve the 
problems identified and used more affective language than CK tutors. No significant 
differences were found in what the feedback covered and the number of problems 
identified between CK and TS tutors. 
 
Table 4.2. Medians (Range) and Mann-Whitney tests for tutor feedback performance  
 Coverage Problems Explanations Suggestions Affective 
language 
Total 
CK 3.00 (2) 2.00 (3) 2.00 (3) 1.00 (3) 1.00 (2) 9.00 (10) 
TS 3.00 (1) 1.00 (3) 3.00 (1) 2.00 (2) 3.00 (2) 12.00 (8) 
U 218.00 236.00 131.00 92.50 51.00 72.00 
z -1.86 -.90 -3.42 -4.16 -5.36 -4.37 
p .07 .40 < .001 < .001 < .001 < .001 
r -.27 -.13 -.50 -.61 -.78 -.64 
 
Tutee interpretations of tutor feedback 
Regarding tutee interpretations, a substantial number of tutees did not answer the 
three interpretation questions properly. They either left the answers to these questions 
blank or simply answered “no”: 36% of tutees did not indicate any difficult aspects of 
tutor feedback, 36% of tutees were not uncertain of any tutor feedback, and 23% of 
tutees did not need any further tutor feedback. The number of feedback aspects that 
tutees found difficult, uncertain and needed for further feedback are quantified and 
summarized in Table 4.3. The values ranged from zero (no aspect) to two (two or more 
than two aspects). On average, both groups of tutees reported less than one aspect that 
they found difficult, uncertain or needed for further feedback.  
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Table 4.3. Means (Standard deviations) for the number of aspects that tutees found difficult, uncertain and 
needed for further feedback  
 CK TS 
difficult aspects to understand (0-2) .73 (.63) .56 (.65) 
uncertain aspects (0-2) .86 (.77) .76 (.66) 
aspects needed for further feedback (0-2) .68 (.84) .80 (.71) 
Tutee performance on revised research questions 
Table 4.4 shows means and standard deviations for the scores on the draft and revised 
research questions. In general tutees’ performance on the draft and revised research 
questions was not satisfactory. There seems to be no substantial difference between CK 
and TS tutees in the scores of the draft and revision. An ANCOVA was applied to com-
pare the revision means between CK and TS tutees by using the draft scores as a covari-
ate in order to control for their influence on the revision scores. The results showed 
that the covariate, draft score, was significantly related to the revision score, F(1,44) = 
7.77, p = .01. However, no significant difference was found in the revision scores be-
tween CK and TS tutees after controlling for the effect of draft score, F(1,44) = .003, ns. 
(Note that while values of the F statistic less than 1 can occur by chance when the null 
hypothesis is true or near true, values close to 0 can indicate violations of the assump-
tions that ANCOVA depends on. The assumptions of test of normality, independence of 
the covariance and treatment effect, homogeneity of regression slopes, and Levene’s 
test of equality of group variances were examined prior to the ANCOVA test. But the 
test results showed that none of these assumptions was violated.) 
 
Table 4.4. Means and Standard Deviations for tutee performance on the draft and revision  
 All tutees CK tutees TS tutees 
 M SD M SD M SD 
draft (1-20)  9.38 2.88 9.27 3.09 9.48 2.74 
revision (1-20) 9.38 2.82 9.32 2.55 9.44 3.10 
Tutee motivation to revise 
As to tutee motivation to revise, the Cronbach's alpha coefficient for the eight items is 
.90, suggesting that the items had a satisfactory internal consistency regarding tutees’ 
attitudinal data on motivation to use tutor feedback to revise their research questions. 
Since a Likert scale was used to measure tutee motivation to revise, an independent-
samples t-test was conducted to compare the overall means of the eight items between 
CK and TS tutees (Table 4.5). There was a significant difference in the overall means, 
t(43) = -2.30, p = .03, r = .33, suggesting that tutor feedback had an medium (> .30) 
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effect on tutee motivation to revise. Specifically, results suggest that tutees who re-
ceived feedback from TS tutors were more motivated to revise their research questions 
than those who received feedback from CK tutors. 
 
Table 4.5. Means and Standard Deviations for tutee evaluation of tutor feedback 
Item treatment M SD 
I am satisfied with the feedback.  CK 3.05 1.25 
TS 3.74 .96 
The feedback is written clearly and easy to understand. CK 3.41 1.05 
TS 3.96 .88 
The feedback aims to improve my research questions. CK 3.45 1.14 
TS 4.00 .74 
The feedback encourages me to improve my research questions. CK 2.95 1.05 
TS 3.57 1.04 
My tutor gives me positive feedback. CK 3.09 1.31 
TS 4.09 1.00 
My tutor has explained clearly what was not good in my research questions. CK 3.23 1.19 
TS 3.52 .99 
I accept the feedback pointing to what was not good in my research 
questions. 
CK 3.77 1.11 
TS 3.96 .88 
I find the suggestions of my tutor useful to improve my research questions. CK 3.23 1.07 
TS 3.65 .94 
overall means CK 3.27 .86 
TS 3.81 .71 
Pre-measures 
Table 4.6 shows the means and standard deviations for CK and TS groups’ pre-
measures. To detect a possible lack of similarity between CK and TS groups, two sepa-
rate MANOVA tests were conducted for the tutees and tutors’ scores on the three pre-
measures of content knowledge, feedback skills and tutoring skills. Based on the tests 
results, no significant differences were found, neither between CK and TS tutees, T = 
.02, F(3,43) = .34, p = .79, ηp
2 = .02, nor between CK and TS tutors, T = .01, F(3,43) = .08, 
p = .97, ηp
2 = .01. Univariate tests revealed that none of these pre-measures was signifi-
cantly different. 
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Table 4.6. Means (Standard Deviations) and MANOVA tests for pre-measures 
 Tutees Tutors 
 prior knowledge 
test 
(tot: 10) 
feedback skills 
(tot: 5) 
tutoring skills 
(tot: 5) 
prior knowledge 
test 
(tot: 10) 
feedback skills 
(tot: 5) 
tutoring skills 
(tot: 5) 
CK  4.45 (1.61) 3.64 (.66) 3.64 (.56) 4.18 (1.13) 3.70 (.47) 3.55 (.37) 
TS 4.32 (1.42) 3.68 (.44) 3.57 (.33) 4.08 (1.22) 3.73 (.71) 3.73 (.71) 
F (1,45) .09 .07 .35 .18 .03 .03 
p value .76 .79 .56 .67 .87 .87 
ηp
2 0 0 .01 0 0 0 
DISCUSSION AND CONCLUSIONS 
The tutoring task of this study, formulating feedback on tutee research questions, re-
quired peer tutors to apply both content knowledge to the domain of formulating re-
search questions and tutoring skills of giving feedback. Our results showed not only that 
TS tutors formulated more effective feedback than CK tutors, but also that TS tutees 
had a higher level of motivation to revise than CK tutees. These findings support the 
claim that pedagogical knowledge in tutoring skills is a more critical component of ef-
fective tutoring on complex tasks than content knowledge in a particular domain 
(Falchikov, 2001; Lepper & Woolverton, 2002). In addition, based on the training mate-
rials, one might expect that either group of tutors would perform better than the other 
on some of the five general criteria of effective feedback. Surprisingly, CK tutors did not 
perform significantly better in covering the main and sub-questions, identifying the 
problems in their tutees’ research questions and giving explanations, even though spe-
cific attention was drawn to what makes good research questions during the training. In 
contrast, TS tutors performed significantly better not only in giving suggestions for im-
provement and using affective language, but also on giving explanations even though 
they were only trained in how to give feedback. One may speculate that the pedagogi-
cal knowledge of tutoring skills also triggers any tutors’ existing knowledge when per-
forming tutoring tasks.  
Still, we did not find any evidence for the effect of tutor feedback on tutee perfor-
mance of revising their research questions. Our results on tutor and tutee data seem to 
be inconsistent: if the training did influence tutor feedback performance, and resulted 
in different levels of tutee motivation to revise, why was there then no difference in 
tutee revision performance?  
Other tutoring studies which trained students in advance (Fuchs et al., 1994; King, 
1991, 1994; King et al., 1998; Nath & Ross, 2001) show, as do our findings that training 
influences how well peer tutors perform their tutoring tasks. However, the absence of 
significant effects of tutor feedback on tutee revision performance seems to deviate 
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from the performance results found in King’s studies (1991, 1994; 1998). Our deviating 
results may be explained by a different set-up designed to prevent reciprocity effects, in 
which students took on a fixed role of being either tutor or tutee to perform their as-
signed role task. This set-up aimed to rule out practice effects and the additional cogni-
tive benefits caused by reciprocal tutoring. Corresponding to this non-reciprocal set-up, 
only tutors were trained with the treatment and tutees did not receive any training at 
all. However, as mentioned, the effectiveness of tutor feedback depends not only on 
how tutors give feedback, but also on whether tutees attend to the feedback and how 
they process the feedback. Without instructional interventions on a mindful reception 
or strategies of processing, tutees might not attend to or not act upon tutor feedback 
(Gielen, Peeters, Dochy, Onghena, & Struyven, 2010; Narciss, 2008). Though we did ask 
tutees to first interpret tutor feedback prior to revising their research questions, tutees’ 
limited responses to the three interpretation questions indicate that they did not 
properly attend to tutor feedback. This might explain why there was no effect of tutor 
feedback on tutee revision performance. 
Another possible explanation might be the difficulty for tutees to understand and 
use written feedback in their revision. As indicated by studies on the effectiveness of 
written feedback, students find written feedback difficult to understand and they can-
not use the information to fill the gap between their performance and tutor judgments 
(Blair & McGinty, 2012; Van der Schaaf, Baartman, Prins, Oosterbaan, & Schaap, 2011). 
In particular, tutees in our study were not able to ask their tutors for clarifications prior 
to revision and in turn tutees might not understand, use or act upon tutor feedback in 
their revision.  
There are three other issues that also need to be explored. The first issue concerns 
generalizability. Without a control group, the findings of this study can only be general-
ized to a similar set-up with two groups (i.e., tutors with content knowledge or tutoring 
skills). To extend the generalizability of this study, it would be desirable to compare the 
effects of content knowledge or tutoring skills to a control (without any training) or a 
combination (both content knowledge and tutoring skills) group. The second issue con-
cerns validity. The independent variable was tutor training in content knowledge or 
tutoring skills. Validity could be increased by ensuring that tutors indeed had content 
knowledge in a particular domain or pedagogical knowledge of tutoring skills by meas-
uring their attainments of the training. The third issue concerns the scope of the train-
ing effects. In this study, peer tutors were only asked to formulate written feedback 
after the training. Further research should also examine how two types of training influ-
ence tutors in conducting an interactive feedback dialogue with their tutees to help 
them revise research questions. It would be interesting to find out whether tutors 
trained in content knowledge result in different types of dialogues from those trained in 
tutoring skills. In addition, it is very likely that tutors who received instructions on for-
mulating research questions would apply the training content to improve their own 
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research questions. It would be valuable to examine such training effects on tutor learn-
ing in future research.  
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INTRODUCTION 
In a Learning Network, knowledge sharing through asking questions, giving feedback, 
participating in discussions, etc. are critical learning activities, especially when learners 
work on complex tasks (Sloep, 2015). Typically, in such non-formal learning environ-
ments, learners need to self-organize knowledge sharing. This requires learners to first 
find someone to share knowledge with and then maintain the social interaction at a 
certain level of collaboration so that learners can achieve their individual learning goals. 
Although Learning Networks used to be ill-equipped with infrastructures that guide self-
organized knowledge sharing (Koper, 2009), things are changing for the better (Sloep, 
2013). Even so, as noted earlier by our colleagues (Kester et al., 2007), knowledge shar-
ing does not magically occur in such non-formal Learning Networks. 
The larger purpose of this research was to contribute to our insights on how to de-
sign a support infrastructure for knowledge sharing. We took cognitive load theory 
(Sweller et al., 1998; Van Merriënboer & Sweller, 2005) as our perspective. Three design 
guidelines derived from cognitive load theory were adhered to: 
• The total load (defined as the sum of intrinsic, extraneous and germane load) of self-
organized knowledge sharing should not exceed the limit of working memory capac-
ities. 
• Working memory capacities should be used as little as possible on extraneous non-
learning activities. 
• Working memory capacities should be used as much as possible on learning activi-
ties that are germane to learning itself. 
Following these guidelines, we argued that ill-supported self-organized knowledge shar-
ing in Learning Networks may easily result in too much extraneous load. A properly 
designed peer support system that helps users in a Learning Network to share 
knowledge would be useful in two distinct ways, we surmised. On the one hand, such a 
peer support system would reduce extraneous load by helping learners to find a peer 
tutor by using a software-based peer tutor selection mechanism (rather than do it 
‘manually’ themselves). On the other hand, this system would increase tutees’ germane 
load by supporting tutors to deal with the cognitive demands of a tutee task. 
Others have been studying how to design such a peer support system (De Bakker, 
2010; Fetter, 2015; Van Rosmalen, 2008). This dissertation fits in the research program 
they were part of. It focuses not so much on design aspects as on Learning Network 
participants who see themselves confronted with the kind of tasks that impose a high 
intrinsic load, that is, with complex tasks. Earlier findings showed that the peer support 
system could make it much easier to find tutors with content knowledge to help with 
simple tutee tasks. This dissertation further investigated the effects of supporting tutors 
who had complex tasks to fulfill; it contrasted tutors with elevated tutoring skills with 
those whose content knowledge was improved. Our findings showed that tutors with 
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tutoring skills managed to evoke better tutee learning performance on complex tasks 
than those with content knowledge. 
This general discussion first presents a review of our main findings and addresses 
some methodological issues. Next, we discuss implications with suggestions for future 
research. Finally, we consider the contributions we believe to have made to research 
and instruction.  
REVIEW OF THE MAIN FINDINGS  
In our introduction (Chapter 1) we identified the interplay between the task complexity 
and extraneous non-learning activities for organizing knowledge sharing. Taking the 
perspective of cognitive load, we noted that, without a support infrastructure, allocat-
ing cognitive resources on these extraneous activities might result in ineffective learning 
on complex tasks. We proposed to use an existing peer support system to alleviate 
cognitive load imposed by both self-organized knowledge sharing activities and high 
cognitive demands imposed by complex tasks. Since this existing peer support system 
had thus far only been applied to answering content-based questions, our research first 
studied the effects of using the system on alleviating learners’ cognitive load and pro-
moting learning efficiency by taking task complexity into account. Subsequently, we 
wanted to find out how to redesign this peer support system by examining the effects 
of facilitating the social interaction process during knowledge sharing. Table 5.1 displays 
an overview of our research questions and the main findings. 
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Table 5.1. Overview of the research questions and findings per chapter. 
 Independent 
variables / 
Interventions 
Dependent variables Main findings 
RQ1: What are effects of using a peer support system on knowledge sharing compared to a conventional 
forum or a control group as a function of task complexity? 
Experimental study 1 
(Chapter 2) 
Three types of 
support on 
knowledge sharing  
(peer support 
system vs forum vs 
no support) 
Learning 
performance 
Cognitive load 
Learning efficiency 
• Mental effort is higher for complex tasks 
than for simple tasks 
• Unsupported learners spend less mental 
effort and work more efficiently on complex 
tasks than those who make use of a peer 
support system and forum 
RQ2: What are effects of using self-study tutoring guides to improve peer tutors’ content knowledge versus 
tutoring skills on helping tutee complex tasks? 
Experimental study 2 
(Chapter 3) 
Types of self-study 
tutoring guides 
(content knowledge 
versus tutoring 
skills) 
Tutee data on 
learning 
performance, 
cognitive load and 
learning efficiency 
• Tutees helped by tutors whose tutoring 
skills were improved, performed better and 
worked more efficiently on a complex essay 
task than those helped by tutors whose 
content knowledge was improved 
• No difference was found in the tutee 
evaluation of tutor help between those 
helped by tutors with improved tutoring 
skills and those helped by tutors with 
improved content knowledge 
RQ3: What are effects of training peer tutors in content knowledge versus in tutoring skills on helping tutee 
complex tasks? 
Experimental study 3 
(Chapter 4) 
Types of training 
(content knowledge 
versus tutoring 
skills) 
Tutor feedback 
quality 
Tutee data on 
learning 
performance and 
motivation 
• Tutors trained in tutoring skills formulated 
better feedback on tutees’ research 
questions than those who were trained in 
content knowledge 
• Tutees who received feedback from tutors 
with trained tutoring skills were more 
motivated to revise their research questions 
than those who received feedback from 
tutors whose content knowledge was 
trained  
• No difference was found in tutee 
performance on revised research questions 
between those helped by tutors whose 
tutoring skills were trained nor by tutors 
whose content knowledge was trained  
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Experimental study 1  
What are effects of using a peer support system on knowledge sharing compared 
to a conventional forum or a control group as a function of task complexity? 
This study was conducted in a non-formal Learning Network using an experimental 
research design with lifelong learners who participated in this Learning Network based 
on personal interests. We formulated a hypothesis on the interaction effects between 
task complexity and three types of support:  
When working on complex tasks, learners supported by our proposed peer sup-
port system will experience lower cognitive load and will have better learning per-
formance and efficiency than those supported by a forum or without any support 
at all (control group). When working on simple tasks, no difference will exist 
among learners with either type of support. 
This hypothesis was based on the findings deduced from our conception paper. Learn-
ers would not suffer from cognitive overload when self-organizing knowledge sharing 
on simple tasks. When working on simple tasks, knowledge sharing is either optional, 
because learners can deal with low cognitive demands on their own, or the combination 
of intrinsic load from the simple tasks and extraneous load from finding a peer tutor is 
manageable and remains within the limit of human cognitive capacities. However, 
knowledge sharing on complex tasks would become necessary, because it is likely that 
learners are not able to deal with the high cognitive demands of a complex task on their 
own. Without proper support, the total cognitive load imposed by self-organized 
knowledge sharing (i.e., higher intrinsic load of complex tasks and extraneous load from 
finding a peer tutor) could easily go beyond the limit of human cognitive capacities (see 
Figure 5.1). 
The results showed that complex tasks indeed imposed higher cognitive load than 
simple tasks. However, we found the opposite results from our hypothesis: learners 
without any form of support had a higher efficiency score on complex tasks (calculated 
by the combination of mental effort and performance scores) than those in the groups 
who could use a forum or our peer support system. Upon closer analysis, we could not 
positively conclude that our peer support system fares worse in comparison to the 
forum or control group because of two findings: i) knowledge sharing did not occur 
more frequently for learners working on complex tasks than those working on simple 
tasks, and ii) the peer support system and forum were hardly used: only a negligible 
number of knowledge sharing requests were actually made and acted upon. 
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Figure 5.1. Hypothesized total cognitive load: the combination of intrinsic (imposed by task complexity) and 
extraneous load (imposed by finding a peer tutor)  
From Study 1 to Study 2 and 3 
From the findings of Study 1 we concluded that it is too large a challenge to validly im-
plement an experimental design in a non-formal Learning Network environment in 
terms. By its non-formal nature, we could not simply force all participants to share 
knowledge with others. Therefore, the set-up in a real Learning Network resulted in a 
threat to internal validity: the interventions (i.e., types of support) did not take effect on 
learner cognitive load, learning performance and efficiency.  
Another threat to internal validity is that we could not measure cognitive load timely 
and accurately. Based on an overview of cognitive load measures made by Van Gog and 
Paas (2008), most studies have been conducted in a rather controlled setting in which 
the cognitive load experienced by participants can be measured at predefined moments 
during the experiment, under the supervision of the researchers. In contrast, learners in 
non-formal Learning Networks can decide when and how much time they want to work 
on a task. Rather than setting a particular deadline, we could only instruct participants 
to indicate experienced cognitive load after working on the task, but we could not en-
force this. 
In addition to the subjective measure that asks participants to self-report experi-
enced cognitive load, it is possible to incorporate time on task as an objective measure 
of cognitive load (Van Gog & Paas, 2008). However, time on task measured in a non-
formal Learning Network is not very accurate compared to time on task measured by 
studies in which participants completed the task under the supervision of the research-
ers (Kester, Kirschner, Van Merriënboer, & Baumer, 2001; Kester, Lehnen, Van Gerven, 
& Kirschner, 2006; Salden, Paas, Van der Pal, & Van Merriënboer, 2006). Because partic-
Self-organized
knowledge sharing on
simple tasks
Self-organized
knowledge sharing on
complex tasks
Using the peer
support system to
share knowledge on
simple tasks
Using the peer
support system to
share knowledge on
complex tasks
Extraneous load
Intrinsic load
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ipants worked in their own time, at a place that suited them best, we could not be sure 
whether participants had been constantly working on the task between the start and 
the end time. 
Beside these threats to internal validity, we can also identify a threat to external va-
lidity. The non-formal nature of our set-up resulted in a high drop-out rate. The remain-
ing participants who completed all of the modules and measures might not behave 
similarly to those who dropped out; for example, the remaining participants in an online 
experiment might be more motivated than the drop-outs (Reips, 2009). Consequently, 
any inferences we drew with respect to the population we sampled from (including 
remaining participants and drop-outs) based on the remaining sample might become 
invalid (McKnight, McKnight, Sidani, & Figueredo, 2007). 
These threats showed that investigating the effects of interventions on cognitive 
load in a non-formal Learning Network might be exceedingly difficult to measure in an 
experiment designed to be carried out directly in such a non-formal Learning Network. 
To restrain the impact of these threats to validity, we carried out Studies 2 and 3 in the 
more controlled settings of a school. We acknowledge that this of course introduces the 
problem that the conclusions we draw with respect to the population sampled may not 
validly be extended to the population of informal learners. To address this problem, we 
tried to retain as much as possible of the non-formality characteristics, in the hope that 
the knowledge sharing activities carried out during these experiments would be exem-
plary of those in a non-formal Learning Network. This was ensured in two ways: i) 
teachers were not involved, so that only students who were each other’s equal would 
act as tutors to help tutees with their tasks, without teacher-led instructions, and ii) 
tutor help was delivered through asynchronous or online communication instead of in 
the face-to-face interactions that are customary in school settings.  
Obviously, one should still be cautious when generalizing our findings from formal to 
non-formal Learning Networks. As discussed in Chapter 1, the social structure in formal 
educational settings is quite different from non-formal Learning Networks: students 
know each other. Familiarity between tutors and tutees might confound the generaliza-
bility of the results. Fetter (2015) discusses the effects of sense of connectivity for col-
laboration in a Learning Network. Similarly, Rusman (2011) shows how trust affects the 
effectiveness of small, online collaborating teams We tried to limit the influence of 
these potentially confounding factors as much as possible by instructing the participants 
to remain anonymous. 
Support during knowledge sharing - Experimental Study 2 and 3  
In our research agenda (see Chapter 1), we planned to find out what constitutes ade-
quate selection criteria for the peer support system and how to design support to guide 
learner working memory capacity to germane processes that contribute to learning 
itself during the knowledge sharing process. Therefore, we set up Studies 2 and 3 to 
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find out what makes an effective peer tutor when helping on complex tasks. In Learning 
Networks, knowledge sharing involving help from peer tutors is more akin to asymmet-
ric rather than reciprocal peer tutoring (i.e., for any single knowledge sharing event, 
each learner acts as either tutor or tutee, but not both at the same time). Thus, Studies 
2 and 3 were carried out in a non-reciprocal setting and we focused on the effects of 
tutor’s support on tutee learning. In particular, we aimed to find out which type of sup-
port for tutors is more effective when helping tutees with complex tasks: enhancing 
tutors’ content knowledge versus enhancing their tutoring skills. We implemented Stud-
ies 2 and 3 by using two common ways to deliver tutor support: self-study tutoring 
guides and training, respectively. Similarities and differences in the treatments between 
Experimental Studies 2 and 3 are summarized in Table 5.2. 
 
Table 5.2 Definition of treatments, content knowledge and tutoring skills, in Studies 2 and 3 
 Content knowledge Tutoring skills 
Experimental Study 2 
Tutor support delivered 
through self-study tutoring 
guides  
Domain knowledge of Sex and Evolution: 
additional course materials (more 
elaborations and examples) 
Pre-designed questions: task 
processing and pedagogical 
instructions 
Experimental Study 3 
Tutor support delivered 
through training 
Domain knowledge of research questions: 
review of the course materials with good 
and bad examples 
Rules of thumbs in formulating 
feedback with good and bad examples 
 Similarity Difference 
 In both studies, the intention was to give 
tutors a higher level of domain 
knowledge than tutees 
▪ Experimental Study 2: tutor support 
is specific to tutee essay task 
▪ Experimental Study 3: tutor support 
is general, not specific to tutee task 
of research questions 
 
In both Study 2 and 3 only tutors received treatments, because we aimed to find out 
which support is more effective for tutors to perform their tutoring tasks. To prevent 
possible threats to validity, tutees did not receive treatments. The rationale for this was 
as follows. Regarding Study 2, if tutees would also have received additional course ma-
terials and pre-designed questions, then they might not have needed to ask help from 
tutors at all. Consequently, any observed effects might result from reading the self-
study tutoring guides rather than receiving the tutor help. Similarly, for Study 3, if tu-
tees in the content knowledge group would also have received training in formulating 
research questions, then it would have been less likely for them to use the tutor feed-
back. Having been trained, they might have been sufficiently able to revise research 
questions by themselves without any help. 
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Experimental Study 2 
What are effects of using self-study tutoring guides to enhance peer tutors’ con-
tent knowledge versus tutoring skills on helping tutee complex tasks? 
This study intended to find out what kind of support, enhancing tutors’ content 
knowledge versus enhancing their tutoring skills, makes tutoring most effective on help-
ing with tutee complex tasks. We carried out this experiment during a special activity 
day at a secondary school. Via online chats, tutors used self-study tutoring guides which 
either contained additional course materials (content knowledge) or pre-designed ques-
tions (tutoring skills) (see Table 5.2). The results showed that tutees helped by tutors 
with improved tutoring skills performed better and worked more efficiently on an essay 
task than those helped by tutors with improved content knowledge.  
Experimental Study 3 
What are effects of training peer tutors in content knowledge versus tutoring 
skills on helping tutee complex tasks? 
While Study 2 used self-study tutoring guides, Study 3 provided tutor support through 
training, which is another method commonly used to promote the effectiveness of peer 
tutoring (Fuchs et al., 1994; King, 1991; Nath & Ross, 2001). Training was given either to 
enhance tutors’ content knowledge in formulating research questions or to enhance 
tutoring skills in formulating feedback (see Table 5.2). The results showed that tutors 
trained in tutoring skills formulated better feedback than those trained in content 
knowledge. Also, tutees helped by tutors trained in tutoring skills were more motivated 
to revise than those helped by tutors trained in tutoring skills. However, no difference 
was found in tutee performance on revised research questions. 
Training in Study 3 indeed resulted in differences in how tutors formulated feedback 
to help tutees to improve their research questions and to increase tutee motivation to 
revise. However, unlike Study 2, the different types of feedback did not result in differ-
ences in tutee performance on revised research questions. So, although the two types 
of tutors differ from each other, this difference does not translate in performance dif-
ferences of their tutees. Speculating on possible explanations for the observed differ-
ences between the results of both studies, we surmise that the synchronous nature of 
the tutor-tutee interaction in Study 2 might be a reason. In Study 2, tutors helped tu-
tees with their essay task through synchronous online chats: tutors could immediately 
see what tutees wrote in the wiki and gave help straight away. In contrast, in Study 3 
tutors helped tutees with their research questions through written feedback only. Tu-
tees had to interpret tutor feedback themselves and had no opportunity to discuss with 
tutors the feedback they received before they revised the research questions. Though 
tutors in the tutoring skills group indeed formulated better feedback than content 
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knowledge tutors, their tutees might not use the feedback in the way it was meant to 
be. This is corroborated by several feedback studies that have pointed out the same 
problem with written feedback: without dialogues between feedback givers and receiv-
ers, the effects of written feedback remains restricted (Blair & McGinty, 2012; Higgins, 
Hartley, & Skelton, 2001; Nicol, 2012).  
THEORETICAL IMPLICATIONS AND SUGGESTIONS FOR FUTURE 
RESEARCH 
The findings and concomitant methodological issues of this research involve implica-
tions for the central notions of cognitive load theory and our ideas about the effective-
ness of knowledge sharing; they also open doors to future research.  
Before discussing the effectiveness of knowledge sharing, we need to first refer to 
one form of knowledge sharing, collaborative learning, which requires a certain mutual 
and shared effort of the collaborative learners (Dillenbourg, 1999; Teasley & Roschelle, 
1993). So far, it has been inconclusive whether collaborative learning results in more 
efficient learning than individual learning. From a cognitive load perspective, recent 
studies have taken human limited cognitive capacities into account when examining the 
effectiveness of these two approaches (Kirschner, 2009; Kirschner et al., 2009a). They 
hypothesized: i) working on a complex task easily exceeds individuals’ limited cognitive 
capacities and ii) individuals can collaborate with others to share a high cognitive load 
or acquire extra cognitive resources to deal with complex task demands. Their results 
confirmed these hypotheses: when working on complex tasks, collaborative learning 
was more efficient than individual learning; when working on simple tasks, individual 
learning was more efficient than collaborative learning. 
Following a similar line of thought, in Study 1 we hypothesized that supporting 
learners to share knowledge with others would result in more efficient learning on 
complex tasks than those in the control group without any support (individual learning). 
However, we found the opposite result of Kirschner’s studies (2009; Kirschner et al., 
2009a): learners without any support had higher efficiency scores than those with 
knowledge sharing support on complex tasks. Why did this happen? A possible explana-
tion may be that these tasks were not complex enough and participants did not experi-
ence cognitive overload at all. So, even though participants in the complex task group 
did experience a higher cognitive load than participants in the simple task group, they 
did not feel compelled to share knowledge with one another. Tasks in Kirschner’s stud-
ies might not have been complex enough either, but they forced participants to collabo-
rate by using a jigsaw design where each participant only had partial information to 
complete the task. Since Study 1 took place in a non-formal Learning Network, we could 
not force participants to share knowledge with others; instead, we hoped that the high 
intrinsic load of the complex tasks would drive them to share knowledge with others. 
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The unexpected findings of Study 1 indicate that tasks that are not demanding 
enough do not necessitate learners to share knowledge with others. Since the central 
tenet of cognitive load theory is to avoid cognitive overload (De Jong, 2010; Moreno, 
2010), it is necessary to test the intervention based on the guidelines of cognitive load 
theory by taking cognitive overload into account: the effects of three types of support in 
Study 1 may only be evident when learners actually experience cognitive overload. 
What is particularly important is to determine the possible cognitive overload at an 
absolute level rather than a relative level (De Jong, 2010): a task that is perceived as 
relatively more complex (i.e., a mental effort score of 5 on Paas’ unidimensional scale) 
does not necessarily result in cognitive overload. Since intrinsic load is also defined as 
the level of difficulty of the subject matter (Sweller & Chandler, 1994), we suggest using 
the methods from the field of setting performance standards (Cizek, 2001) to determine 
a possible difficulty level at which learners might experience overload.  
A second point for future research is related to the question of how to design a peer 
support system for knowledge sharing. Our research team has been studying how to 
design a peer support system from different perspectives. To alleviate tutor load, Van 
Rosmalen (2008) and De Bakker (2010) focused on configuring an automated peer tutor 
selection system that mediates peer support either through asynchronous wikis or syn-
chronous text messages. The findings of Studies 2 and 3 add substantially to our under-
standing of two selection criteria in the existing peer tutor selection mechanism, namely 
content and tutor competence (De Bakker, 2010; Van Rosmalen et al., 2008b). The 
findings of De Bakker and Van Rosmalen showed that tutors with content knowledge 
provided satisfactory answers to their tutees’ content-related questions (De Bakker, 
2010; Van Rosmalen et al., 2008b). Our findings showed that tutors with tutoring skills 
are more effective at helping tutees with complex tasks than tutors with content 
knowledge. Taken together, these results seem to suggest that a peer support system 
should find a peer tutor with content knowledge or tutoring skills according to the tu-
tee’s task type. This would suggest that in Learning Networks, where informal learners 
take on complex problems, a peer support system should at least also aim to improve 
the tutoring skills of the learners. However, more research on the relation between task 
complexity and types of support needs to be undertaken. In general (regardless of the 
task type), can tutors with tutoring skills better help tutees than tutors with content 
knowledge? Or do the effects of types of support (i.e., enhancing tutors’ content 
knowledge versus tutoring skills) depend on task type (i.e., simple versus complex 
tasks)? It would be interesting to carry out a two by two factorial design, investigating 
the main effects of each independent variable and in particular the interaction effects.  
Third, earlier research defined tutor competence for helping with content-related 
questions (simple tasks) as an a posteriori measurement of frequency of helping and 
tutee rating (De Bakker, 2010; Van Rosmalen et al., 2008b). Our research has looked at 
tutor competence for complex tasks in terms of three types of tutoring skills, which can 
be determined a priori: task-processing skills, pedagogical skills and general feedback 
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skills. It would be useful to investigate the relationship between a priori tutoring skills 
and a posteriori tutor competence as a function of task type. 
A fourth point for future research concerns tutor learning. Though Studies 2 and 3 
focused on tutee learning, it is likely that peer tutors themselves also attain cognitive 
benefits, both from the tutoring process and from receiving support in content 
knowledge and tutoring skills. It would be interesting to investigate these benefits. 
Existing studies of tutor learning have accounted for “learning by teaching” in two types 
of tutor behavior: knowledge-building versus knowledge-telling (Roscoe, 2014; Roscoe 
& Chi, 2007). Knowledge-building behavior refers to whether tutors can monitor their 
own understanding, generate inferences to repair misunderstandings, and elaborate 
upon information. Knowledge-telling behavior refers to delivering information by sum-
marizing without elaboration. Though both types of tutor behavior contribute to tutor 
learning, Roscoe and Chi (2007) and Roscoe (2014) concluded that tutors’ knowledge-
building behavior results in deeper tutor learning than knowledge-telling. Their conclu-
sion raises the question whether the two types of support in our studies also result in 
different effects on tutor learning. For example, if tutors in Study 2 have to work on the 
same essay as their tutees, we wonder whether the pre-designed questions given to the 
tutoring skills group (which are likely to trigger knowledge-building behavior) and addi-
tional course materials given to the content knowledge group (which are likely to trigger 
knowledge-telling behavior) result in different tutor essay performance.  
Finally, tutees in Study 2 and 3 did not receive treatments, because we tried to pre-
vent possible threats to validity. Yet, untrained tutee behavior can still influence the 
way tutors perform tutoring tasks (Roscoe & Chi, 2004). In a typical dialogue pattern of 
tutoring, tutors not only pose questions but also respond to tutees’ answers or ques-
tions (Chi, 1996; Graesser, Person, & Magliano, 1995). Since Studies 2 and 3 focused on 
quantitative analyses only, the online chats between tutor-tutee pairs collected from 
Study 2 were not analyzed and no tutor-tutee interactions were available from Study 3. 
Consequently, it is not clear i) what kind of answers tutees gave or what kind of ques-
tions tutees asked during the tutoring process; ii) how tutors used the content 
knowledge or tutoring skills support to respond to tutees’ answers or questions; iii) 
whether there is a relation between the quality of tutor responses and tutee learning 
performance; and so forth. To perform a qualitative analysis on such questions would 
be an interesting avenue for further research.  
INSTRUCTIONAL IMPLICATIONS AND CONCLUDING REMARKS 
With regard to possible implications of this research for educational practice, this dis-
sertation makes it clear that it is necessary to support learners both before and during 
knowledge sharing, in particular when learners work on complex tasks. Moreover, sup-
port at these two stages is not only important for non-formal Learning Networks but 
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also for formal classroom settings. We discuss instructional implications for these two 
settings in turn. 
Knowledge sharing has become an important learning activity in settings that rely on 
peer support for knowledge sharing such as MOOCs, which often require learners to 
perform peer review on a project. However, most MOOCs are not yet well equipped 
with infrastructure for knowledge sharing. Participants have to self-organize knowledge 
sharing, for instance, finding another peer to review their work in discussion forums and 
then finding out how to formulate feedback on their peer’s work. In fact, participants 
who submit their work for peer review may not receive any response (Schweizer, 2013). 
In addition, the instructions given to MOOC participants are often too general to pro-
vide guidance on how they should carry out a peer review. As more and more self-
directed learners participate in such Learning Networks, the impact of extraneous load 
imposed by self-organized knowledge sharing becomes crucial, since it determines 
whether a learner can complete the course with success (Schweizer, 2013). To solve 
these problems and facilitate knowledge sharing, it would be valuable to apply our peer 
support system, which supports both finding peers and guidance for peer tutors (e.g., 
reviewers) to perform their tutoring (e.g., reviewing) tasks, in MOOCs.  
The research reported here also advances the knowledge of how to increase the ef-
fectiveness of collaborative learning. In the past, the scope of cognitive load theory has 
been expanded from individual learning that focuses on effective presentation of in-
structional materials to collaborative learning that involves social interactions 
(Kirschner, 2009; Sweller, Ayres, & Kalyuga, 2011a). However, these studies still focus 
on the effects of individuals’ obtaining factual information from others to deal with the 
high element interactivity of complex tasks. Our research argued that dealing with ele-
ment interactivity requires learners to think of the relationships between facts and 
concepts, which requires more than information exchange from collaborative learners. 
As agreed by most studies, the effectiveness of collaborative learning depends on 
whether certain social interactions that trigger thinking will take place (Dillenbourg, 
1999; King, 2007). In addition, these studies suggest it is necessary to provide some 
form of explicit guidance or training to increase the occurrences of these social interac-
tions (Dillenbourg, 1999; Fuchs et al., 1994; King, 2007; Kollar, Fischer, & Hesse, 2006). 
Following the same line of thought, we provided tutors with pre-designed questions 
that guided tutees to think on how to process multiple interactive information elements 
and organize their thoughts within a clear structure (see Study 2). Our findings showed 
that tutors with tutoring skills could help tutees deal with complex tasks more efficiently 
than tutors with content knowledge. To increase the effectiveness of collaborative 
learning, our research suggests using skill-related knowledge (such as procedural 
knowledge) to complement information exchange.  
In classroom settings, the conventional consideration that teachers have in mind is 
often to assign the students with the highest level of content knowledge as tutors 
(Topping, 1996). Our research suggests that, to promote learning effectiveness, teach-
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ers should assign peer tutors with tutoring skills to provide help to tutees, in particular 
when the tutees work on complex tasks. Also, some students naturally have more tutor-
ing related skills. Teachers should therefore consider students with good tutoring skills 
to act as tutors. In a context where tutors are tutees’ equals, supporting peer tutors 
with tutoring skills is more efficient than supporting them with content knowledge for 
complex learning. The tutoring skills applied in this research, namely task-specific, ped-
agogical and general feedback skills, are essential learning skills which are often ne-
glected in educational settings. Explicit instructions on how to apply these skills not only 
help students to work more efficiently on complex tasks but also to align them with the 
essential learning goals of the 21st century (Griffin & Care, 2014). 
We finally return to the main research question of this dissertation: how to design a 
peer support system for knowledge sharing? As a result of our findings, the peer sup-
port system we propose will realize the guidelines of cognitive load theory in two stag-
es: first, assigning peer tutors when learners need knowledge sharing, and second, 
providing tutors with explicit guidance in improving their tutoring skills to perform their 
tutoring tasks. We believe that this two-stage peer support system will facilitate self-
organized knowledge sharing in such a way that learners’ working memory capacities 
are optimally used. 
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Appendix A 
Distribution of raw scores used for 
calculating means 
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This table summarizes the data on which the means of each dependent variable was 
based. For example, the topmost value in the Pre-tests column indicates that 12 out of 
167 participants (7.2%) took the pre-test of one module. Similarly, the final value in the 
Tasks column indicates that 23 participants (13.8%) completed the tasks of all ten mod-
ules. 
 
Table. Frequency (percent) of the number of pre-tests taken, tasks completed and post-tests taken 
Number of modules Pre-tests Tasks Post-tests 
1 12 (7.2%) 47 (28.1%) 26 (15.6%) 
2 15 (9.0%) 21 (12.6%) 12 (7.2%) 
3 11 (6.6%) 8 (4.8%) 10 (6.0%) 
4 8 (4.8%) 11 (6.6%) 8 (4.8%) 
5 5 (3.0%) 5 (3.0%) 4 (2.4%) 
6 6 (3.6%) 10 (6.0%) 0  
7 3 (1.8%) 10 (6.0%) 5 (3.0%) 
8 4 (2.4%) 16 (9.6%) 3 (1.8%) 
9 6 (3.6%) 16 (9.6%) 7 (4.2%) 
10 97 (58.1%) 23 (13.8%) 88 (52.7%) 
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Criteria and rubrics of scoring 
the comparison and contrast essay 
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Table. Criteria and rubrics of scoring the comparison and contrast essay  
 Purpose & supporting details  Organization & structure  Conventions 
 Dimension 1 
Purpose  
Dimension 2 
Supporting details  
Dimension 3 
Organization  
Dimension 4 
Structure  
Dimension 5 
Conventions  
 Whether the essay 
compares and 
contrasts 
similarities/differenc
es on each aspect 
between men and 
women clearly.  
 
Listing only what 
men or women 
prefer in selecting 
partners or behave 
during the 
relationship does 
not count as 
comparisons and 
contrasts.  
 
Some sentence 
patterns are often 
indicators of 
comparisons and 
contrasts: 
 
• The similarities 
between men and 
women are … 
• Men and women 
are similar in … 
• The differences 
between men and 
women are … 
• Men and women 
are different in … 
Whether the essay 
provides supporting 
details on each 
aspect. 
 
Number of aspects 
with supporting 
details. 
Any aspect 
supported with at 
least two bullet 
points is counted as 
one aspect. 
 
Any aspect 
supported with only 
one bullet point is 
counted as half 
aspect.  
Comparisons and 
contrasts 
are presented in a 
consistent structure 
(i.e., the essay is 
organized based on 
the certain logic 
such as sub-
questions, key 
words, first 
similarities and then 
differences, etc.) 
Whether textual 
elements such as 
headings, summary 
sentences (SS, 
sentences that 
summarize whether 
men and women are 
the same or 
different regarding 
one aspect), texts 
for introduction and 
conclusion are used  
 
possible headings: 
introduction (or an 
short introduction 
text without a 
heading), SubQ1, 
KW1 (sim. diff.), 
KW2 (sim. diff.), 
SubQ2, KW3 (sim. 
diff.), KW4 (sim. 
diff.), and conclusion 
(or a concluding text 
without a heading)  
grammar, spelling, 
capitalization, 
appropriateness of a 
paragraph (e.g.,  
a paragraph consists 
of only phrases or 
one sentence) 
4 4-6 aspects are 
indicated clearly 
with similarities/ 
differences 
4-6 aspects with 
supporting details  
81-100% 
comparisons and 
contrasts are 
organized in a 
consistent structure 
(i.e., based on sub-
questions, key 
words, first 
similarities and then 
differences, etc.).  
All of the textual 
elements, headings/ 
SS/Intro/Con, are 
used  
Writer makes 0-3 
conventional errors.  
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 Purpose & supporting details  Organization & structure  Conventions 
 Dimension 1 
Purpose  
Dimension 2 
Supporting details  
Dimension 3 
Organization  
Dimension 4 
Structure  
Dimension 5 
Conventions  
3 3 aspects are 
indicated clearly 
with similarities/ 
differences 
3 aspects with 
supporting details 
51-80% 
comparisons and 
contrasts are 
organized in a 
consistent structure. 
Any three of the 
textual elements, 
headings/SS/Intro/ 
Con, are used  
Writer makes 4-7 
conventional errors.  
2 2 aspects are 
indicated clearly 
with similarities/ 
differences 
2 aspects with 
supporting details 
 
26-50% 
comparisons and 
contrasts are 
organized in a 
consistent structure 
and this distracts 
the reader. 
Any two of 
headings/SS/Intro/ 
Con are used  
Writer makes 8-10 
conventional errors. 
1 0-1 aspect are 
indicated clearly 
with similarities/ 
differences 
0-1 aspect with 
supporting details 
0-25% comparisons 
and contrasts are 
organized in a 
consistent structure.  
There is little sense 
that the essay is 
organized.  
Only one of the 
textual elements, 
headings/SS/Intro/ 
Con, is used  
Writer makes more 
than 10 
conventional errors. 
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Table. Scoring rubrics for tutor feedback performance  
 1 2 3 
Coverage 
 
Whether the feedback 
referred to the 
main- and sub-questions 
referring to only the main 
or  
to only the sub- 
question(s) 
referring to the main and 
one of the sub-questions 
referring to both main 
and two sub-questions 
Identification of the 
problems 
 
Whether problems of 
tutees’ research questions 
were properly identified 
 
For example, a question 
formulated with a yes/no 
question is identified as a 
problem of being NOT 
FEASIBLE. Then this 
problem is identified 
wrongly. Because a yes/no 
question is not related to 
whether a question is 
feasible or not. 
only one or two problems 
were identified  
or  
they were identified 
incorrectly 
 
 
half of the problems were 
identified correctly 
two-thirds of the 
problems were identified 
correctly 
Explanations for the 
problems identified 
 
Whether appropriate 
explanations were given to 
the problems identified 
no explanation were given 
for the problems identified 
or 
none of the given 
explanations matched the 
problems identified 
explanations were given to 
half of the problems 
identified  
and 
half of the given 
explanations matched the 
problems identified 
explanations were given 
to two-thirds of the 
problems identified 
and  
half of the given 
explanations matched the 
problems identified 
Suggestions 
 
Whether suggestions for 
improvements were given 
to the problems  
no suggestion was given 
for the problems identified  
suggestions were given to 
half of the problems 
identified  
suggestions were given to 
two-thirds of the 
problems identified  
Affective language 
 
Whether two types of 
affective language were 
used in the feedback: i) 
praise, summary or 
conclusion used to state 
what has been done well 
and ii) mitigating language 
used in identification of 
the problems or in 
suggestions 
no affective language is 
used  
 
simply describing that a 
research question meets 
or does not meet a certain 
criterion 
only one type of affective 
language is used 
both types of affective 
language are used 
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A Learning Network is a particular kind of online social network that is dedicated to 
learning in a particular domain (Sloep, 2009). In Learning Networks, it is expected that 
learners become active, self-directed learners, and eager knowledge-sharers to solve 
questions, give advice, participate in discussions, etc. However, while knowledge shar-
ing is an important learning activity in Learning Networks, most of the current Learning 
Networks are ill-equipped with the infrastructure that guides self-organized knowledge 
sharing (Koper, 2009). This research contributes to answering the question of how to 
design such an infrastructure.  
Earlier, our research team used a software based peer support system to facilitate 
knowledge sharing on content-related questions. In this study, we wished to find out 
how to further improve the design of this peer support system, especially to facilitate 
knowledge sharing on complex tasks. Since little pedagogical theory is available on 
Learning Networks specifically, this research attempted to apply three guidelines to the 
design of our peer support system; they are derived from cognitive load theory (Sweller 
et al., 1998; Van Merriënboer & Sweller, 2005) and inform instructional designs in class-
room settings: 
• The total load (defined as the sum of intrinsic, extraneous and germane load) of self-
organized knowledge sharing should not exceed the limit of working memory capac-
ities. 
• Working memory capacities should be used as little as possible on extraneous non-
learning activities. 
• Working memory capacities should be used as much as possible on learning activi-
ties that are germane to learning itself. 
 
In the introductory chapter (Chapter 1) we identified the interplay between the task 
complexity and extraneous non-learning activities for organizing knowledge sharing. 
Taking the perspective of cognitive load, we noted that, without a support infrastruc-
ture, allocating cognitive resources on these extraneous activities may easily result in 
ineffective learning on complex tasks. We proposed to use an existing peer support 
system to alleviate cognitive load imposed by both self-organized knowledge sharing 
activities and high cognitive demands imposed by complex tasks. Since this existing peer 
support system had thus far only been applied to answering content-based questions, 
our research first studied the effects of using the system on alleviating learners’ cogni-
tive load and promoting learning efficiency by taking task complexity into account. Sub-
sequently, we wanted to find out how to redesign this peer support system by examin-
ing the effects of facilitating the social interaction process during knowledge sharing.  
Chapter 2 (Study 1) investigated whether using the existing peer support system re-
sults in more effective knowledge sharing on complex tasks than users of a conventional 
forum or a control group of individual learners who did not receive support through a 
dedicated system. This quantitative study examined the effects of these three types of 
support on learning performance, experienced cognitive load and learning efficiency (a 
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combination of learning performance and cognitive load). The results showed that 
complex tasks indeed imposed higher cognitive load than simple tasks. However, we 
found results that were the opposite of our hypothesis: learners without any form of 
support worked most efficiently on complex tasks, that is, more efficiently than the 
groups who could use a forum or our peer support system. Upon closer analysis, we 
found that we cannot positively conclude that our peer support system fares worse in 
comparison to the forum or control group because of two findings: i) knowledge sharing 
did not occur more frequently for learners working on complex tasks than those work-
ing on simple tasks, and ii) the peer support system and forum were hardly used: only a 
negligible number of knowledge sharing requests were actually made and acted upon. 
Chapter 3 (Study 2) aimed to find out the effects of using self-study tutoring guides 
to enhance peer tutors’ content knowledge versus tutoring skills on helping tutees with 
complex tasks. Self-study tutoring guides meant to enhance tutors’ content knowledge 
were compared to self-study tutoring guides meant to enhance tutors’ tutoring skills. 
Tutors whose content knowledge was to be boosted received additional course materi-
als whereas tutors whose tutoring skills were to be improved received interaction struc-
tures that apply both task-processing and pedagogical skills. We investigated which type 
of tutors can help tutees to write better essays, help them to work more efficiently and 
result in higher tutee evaluation of tutor help. The results showed that tutees helped by 
tutors with improved tutoring skills performed better and worked more efficiently on an 
essay task than those helped by tutors with improved content knowledge. 
Chapter 4 (Study 3) examined effects of training peer tutors either in content 
knowledge or in tutoring skills; training was intended to allow them better to help tu-
tees with complex tasks. In contrast with the second study reported in Chapter 3, train-
ing rather than self-study tutoring guides was used to enhance peer tutors’ content 
knowledge and tutoring skills. To better gauge the effects of training on how tutors 
perform their instructional task, this experiment was conducted in the context of peer 
tutors formulating feedback on tutees’ research questions. We investigated which type 
of tutors would formulate better feedback, would better motivate their tutees to revise 
research questions, and would result in better tutee research questions. The results 
showed that tutors trained in tutoring skills formulated better feedback than those 
trained in content knowledge. Also, tutees helped by tutors trained in tutoring skills 
were more motivated to revise their work than those helped by tutors trained in con-
tent knowledge. Remarkably, no difference was found in tutee performance on revised 
research questions. 
In Chapter 5, first, we discussed some methodological limitations of implementing 
Study 1 in non-formal Learning Networks: i) we could not force learners to share 
knowledge with others, ii) we could not measure cognitive load timely and accurately, 
and iii) due to a high drop-out rate we could not generalize the data from the remaining 
users to the general population. As a consequence, we implemented Study 2 and 3 in 
more controlled school settings. Clearly, this negatively affected the ease of generalizing 
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our results to non-formal Learning Networks. Second, we pointed out the following 
aspects for future research. These are i) determining the level of cognitive overload 
when investigating the effects of interventions based on cognitive load theory, ii) exam-
ining the relationship between task complexity and types of tutor support, iii) examining 
the relationship between task complexity and different definitions of tutor characteris-
tics, and iv) tutor learning effects. Finally, we indicated some instructional implications 
for the design of (informal) knowledge sharing in Learning Networks, collaborative 
learning and peer tutoring in classroom settings.  
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Een Leernetwerk is een online sociaal netwerk dat is ontworpen is om het leren in een 
specifiek domein te faciliteren (Sloep, 2009). In Leernetwerken wordt verwacht dat 
lerenden actieve, zelfsturende, en enthousiaste kennisdelers worden, die vragen be-
antwoorden, advies geven, aan discussies deelnemen, enzovoorts. Terwijl het delen van 
kennis een belangrijke leeractiviteit in Leernetwerken is geworden, zijn de meeste Leer-
netwerken echter onvoldoende toegerust met infrastructurele voorzieningen om zelf-
georganiseerd kennisdelen te faciliteren (Koper, 2009). Dit onderzoek draagt bij aan het 
beantwoorden van de vraag hoe een dergelijke infrastructuur kan worden ontworpen. 
In eerder onderzoek heeft ons onderzoeksteam een softwarematig peer-support 
systeem gebruikt om kennisdeling op inhoudelijke vragen tussen medeleerlingen te 
faciliteren. Ons doel in dit proefschrift is om te onderzoeken hoe het ontwerp van dit 
peer-support-systeem verder verbeterd zou kunnen worden, vooral om kennisdeling op 
complexe taken te vergemakkelijken. Aangezien er weinig pedagogische theorieën be-
schikbaar zijn specifiek voor Leernetwerken, hebben we voor het ontwerp van het peer-
support systeem gebruikgemaakt van drie richtlijnen op basis van Cognitieve Belastings-
theorie (Sweller et al., 1998; Van Merriënboer & Sweller, 2005), die ook vaak als onder-
wijsontwerpprincipes in klassikale leeromgevingen worden gebruikt: 
● De totale cognitieve belasting (gedefinieerd als de som van de intrinsieke, externe 
en relevante (“germane”) belasting) van zelf-georganiseerd kennisdelen zou de 
maximale capaciteit van het werkgeheugen niet moeten overstijgen. 
● Zo min mogelijk van de capaciteit van het werkgeheugen zou moeten worden be-
steed aan irrelevante leeractiviteiten. 
● Zo veel mogelijk van de capaciteit van het werkgeheugen zou moeten worden be-
steed aan relevante leeractiviteiten. 
 
In het inleidende hoofdstuk (hoofdstuk 1) identificeren we de wisselwerking tussen de 
taakcomplexiteit en irrelevante leeractiviteiten voor het organiseren van kennisdeling. 
Gezien vanuit het perspectief van de Cognitieve Belastingstheorie merken we op dat 
het leerproces voor complexe taken al snel ineffectief kan worden door het toewijzen 
van cognitieve bronnen aan irrelevante leeractiviteiten, als het Leernetwerk geen on-
dersteunende infrastructuur voor kennisdeling biedt. We stellen voor om hiervoor een 
bestaand peer-support-systeem in te zetten, om zo de cognitieve belasting te vermin-
deren die zowel door zelf-georganiseerde kennisdeling als door de hoge cognitieve 
eisen van complexe taken wordt opgelegd. Aangezien dit bestaande peer-support-
systeem tot nu toe alleen is toegepast op het beantwoorden van inhoudelijke vragen, 
onderzoeken we eerst wat de effecten zijn van het gebruik van het systeem op het 
verlichten van cognitieve belasting en het bevorderen van leerefficiëntie als we taak-
complexiteit in beschouwing nemen. Vervolgens willen we weten hoe dit peer-support-
systeem herontworpen kan worden door te onderzoeken welke effecten het faciliteren 
van het proces van sociale interactie tijdens het delen van kennis heeft. 
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Hoofdstuk 2 (Studie 1) onderzoekt of het gebruik van het bestaande peer-support-
systeem resulteert in efficiënter kennisdelen op complexe taken, vergeleken met ge-
bruikers van een conventioneel forum of met een controlegroep van individuele leer-
lingen die helemaal geen softwareondersteuning krijgen voor kennisdeling. In deze 
kwantitatieve studie worden de effecten onderzocht van deze drie soorten ondersteu-
ning op de leerprestaties, de ervaren cognitieve belasting en de leerefficiëntie (gedefi-
nieerd als een combinatie van leerprestaties en cognitieve belasting). Uit de resultaten 
blijkt dat complexe taken inderdaad een hogere cognitieve belasting tot gevolg hebben 
dan eenvoudige taken. Echter, we zien ook resultaten die het tegenovergestelde van 
onze hypothese zijn: leerlingen zonder ondersteuning werken het meest efficiënt aan 
complexe taken, dat wil zeggen, efficiënter dan de groepen die een forum of ons peer-
support systeem konden gebruiken. Ondanks dit resultaat kunnen we toch niet met 
zekerheid concluderen dat ons peer-support systeem slechter presteert ten opzichte 
van de forum- of controlegroep, vanwege twee bevindingen die uit nadere beschou-
wing naar voren zijn gekomen: i) kennisdelen kwam niet vaker voor bij diegenen die aan 
complexe taken werkten dan bij degenen die aan eenvoudige taken werkten, en ii) het 
peer-support systeem en het forum werden nauwelijks gebruikt: slechts een verwaar-
loosbaar aantal verzoeken voor kennisdeling werd ingediend en behandeld. 
Hoofdstuk 3 (Studie 2) richt zich op het vinden van effecten van het gebruik van 
twee verschillende typen handleiding, die de peer-tutoren zelf dienen te bestuderen. 
Zoals in hoofdstuk 2 worden tutoren geacht hun tutees te helpen complexe taken beter 
uit te kunnen voeren; Daartoe krijgen sommigen een handleiding, die hun inhoudelijke 
kennis vergroot en anderen een handleiding die hun begeleidingsvaardigheden ver-
groot. Tutoren wier inhoudelijke kennis zou worden verhoogd, ontvangen extra lesma-
teriaal, terwijl tutoren wier begeleidingsvaardigheden zouden worden verbeterd, inter-
actiestructuren ontvangen waarin zowel de taakverwerking als pedagogische vaardig-
heden worden toegepast. We onderzoeken welk type tutoren (die met meer kennis of 
die met meer begeleidingsvaardigheden) tutees het best kan helpen om betere essays 
te schrijven, hen het best kan helpen om efficiënter te werken en de hoogste beoorde-
ling te ontvangen van de tutees voor de door hun verstrekte hulp. De resultaten tonen 
aan dat tutees die geholpen worden door tutoren met verbeterde begeleidingsvaardig-
heden beter presteren en efficiënter werken aan een essay-opdracht dan diegenen die 
geholpen worden door tutors met verhoogde inhoudelijke kennis. 
In tegenstelling tot Studie 2, beschreven in Hoofdstuk 3, waarin zelfstudie tutor-
handleidingen zijn gebruikt om peer-tutors inhoudelijke kennis en begeleidingsvaardig-
heden te verbeteren, onderzoeken we in Hoofdstuk 4 (Studie 3) de effecten van het 
trainen van peer-tutors in inhoudelijke kennis danwel begeleidingsvaardigheden. De 
training is bedoeld om tutoren in staat te stellen om tutees beter te helpen met het 
uitvoeren van complexe taken. Om de effecten van de training op hoe tutoren hun taak 
uitvoeren beter te kunnen meten, wordt dit experiment uitgevoerd door tutoren te 
vragen peer-feedback te formuleren op door tutees opgestelde onderzoeksvragen. We 
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onderzoeken welk type tutoren de beste feedback kunnen formuleren, welk type het 
best in staat is om tutees te motiveren om hun onderzoeksvragen te reviseren, en welk 
type tutor uiteindelijk tot de beste onderzoeksvragen bij tutees leidt. De resultaten 
tonen aan dat tutoren die zijn getraind in begeleidingsvaardigheden betere feedback 
kunnen formuleren dan zij die getraind zijn in inhoudelijke kennis. Ook zijn tutees, die 
geholpen worden door tutoren getraind in begeleidingsvaardigheden, meer gemoti-
veerd om hun werk te herzien dan degenen die geholpen worden door tutoren getraind 
in inhoudelijke kennis. Opmerkelijk genoeg zien we geen verschil in de prestatie van de 
tutees op de gereviseerde onderzoeksvragen. 
In hoofdstuk 5 bespreken we eerst een aantal methodologische beperkingen van 
het uitvoeren van Studie 1 in een non-formeel Leernetwerk: i) we konden de lerenden 
niet ertoe dwingen om kennis te delen met anderen, ii) we konden cognitieve belasting 
niet tijdig en nauwkeurig meten, en iii) we konden, vanwege hoge uitval, de gegevens 
van de deelnemende gebruikers niet naar de algemene bevolking generaliseren. Als 
gevolg daarvan hebben we Studie 2 en 3 geïmplementeerd in een meer gecontroleerde 
schoolomgeving. Het is duidelijk dat dit een negatieve invloed heeft op het gemak 
waarmee we onze resultaten kunnen generaliseren naar non-formele leernetwerken. 
Vervolgens richten we ons op een aantal aspecten voor toekomstig onderzoek: i) het 
bepalen op welk punt cognitieve overbelasting wordt bereikt als we de effecten van 
interventies op basis van Cognitieve Belastingstheorie onderzoeken, ii) het onderzoeken 
van de relatie tussen taakcomplexiteit en het type ondersteuning aan tutoren, iii) het 
onderzoeken van de relatie tussen taakcomplexiteit en diverse definities van tutorei-
genschappen en iv) leereffecten die bij tutoren optreden. Ten slotte geven we een aan-
tal educatieve implicaties aan voor het ontwerp van (informele) kennisdeling in Leer-
netwerken, samenwerkend leren en peer tutoring in klassikale omgevingen. 
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